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INTRODUCTION 


A recent historical sketch by Brown (52) pointed out that seed 
testing as a service to those who wished to know something of seed 
quality was first undertaken in Denmark and Germany in 1869, 
although as early as 1816 Switzerland passed a seed law which re- 
quired that at least two men in a county, where clover seed was sold, 
were to serve as inspectors of seed offered for sale. Seed testing 
developed rapidly in Europe after 1869, and many small testing 
and control stations were established which later were consolidated 
into one or more well equipped central stations in each country. 
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The earliest development in this field on the American continent 
was in Connecticut in 1821 when the first law regulating the sale 
of seed in the United States was passed. Relatively little progress 
was made, however, until 1876 when Dr. E. H. Jenkins, who had 
visited Nobbe’s laboratory in Germany, discussed in a report of the 
Connecticut Station the value of seed testing to the United States. 

In the early work with seeds the major effort was to determine 
the identity of weed seeds and their importance when present in 
crop seeds. It was natural that botanists who were interested in 
this aspect of applied botany should give attention to seed identi- 
fication including both weed and crop seed. Botanists from a 
considerable number of States published bulletins which were well 
illustrated with pictures and drawings of seed. Determination of 
seed purity naturally followed the emphasis on seed identification. 
But of almost equal importance was the measurement of seed viabil- 
ity which was early recognized as an important factor in seed 
quality. 

One of the earliest problems that confronted those who were 
interested in seed testing was how to make analyses for purity and 
tests for germination. The American Seed Trade Association re- 
ceived a request in 1889 from the North Carolina Agricultural Ex- 
periment Station to assist in preparing a standard of seed quality, 
but no progress in that direction was made at that time. A 
memorial signed in 1896 by a majority of the Agricultural Experi- 
ment Station Directors was presented to the Association of Ameri- 
can Agricultural Colleges and Experiment Stations in which a 
request was made for the a>pointment of a “committee of experts 
in seed testing to devise and adopt a standard form of seed testing 
apparatus and method of procedure for use in all American Sta- 
tions”. In 1897 the committee which had been appointed formu- 
lated rules for seed testing that were subsequently revised and 
published in 1904 and 1906. The Association of Official Seed 
Analysts of North America was organized in 1908, and from that 
time until 1939 the responsibility of formulating rules for seed 
testing was undertaken primarily by that Association. In 1939 
(400) a new Federal Seed Act was passed, and a set of rules and 
regulations to be used as a guide in the enforcement of that Act 
was drawn up, published and put into effect in February, 1940, by 
the Agricultural Marketing Service of the United States Depart- 
ment of Agriculture. 
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The first international meeting of seed analysts was held in 1905 
in connection with the Botanical Congress in Wien, and in 1921 
the International Seed Testing Association was formed. The initial 
purpose of this Association as well as of the American Association 
of Official Seed Analysts was to promote uniformity of testing 
methods to the end that a freer exchange of seed in commerce might 
be possible. 

From the beginning of seed testing it became evident that the 
success of the practice would depend on (a) the development of new 
information about seeds and (0b) the application of many principles 
and techniques of botanical science to the art of seed testing. 
Within the past 75 years the contributions to our knowledge of the 
taxonomy, physiology, morphology, dormancy, viability, impermea- 
bility, longevity and pathology of seeds by investigators in Europe, 
North America and other parts of the world have been extensive. 
All of these contributions have aided in the development of seed 
laboratories whose function has been the determination of seed 
quality in terms of purity and vitality. Both laboratory and field 
methods have been employed in this extensive enterprise. 

It is the purpose of this paper to discuss some of the recent de- 
velopments in seed technology that have advanced our general 
knowledge of seeds, have been of considerable value to seed 
analysts and have contributed to the welfare and advancement of 
the seed industry and of agriculture in general. 


IMPORTANT DEVELOPMENTS 


The more important developments that have occurred in seed 
technology within the past decade or more are: 
1. New and improved methods of seed identification, respecting 
both variety and species, 
2. A uniform method for the determination of pure seed in small- 
seeded grasses, 


3. A practical concept of pure seed, 

4. Evaluation of weed seeds in crop seed, 

5. More uniform evaluation of seed germination tests, 

6. Advances in our knowledge of the value and treatment of im- 
permeable seeds, 

7. Advances in our knowledge of dormant seeds, 

8. 


Development of methods for prolonging seed longevity, 
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9. Development of rapid methods for the determination of seed 

viability, 

10. A knowledge of the relationship of hormones and inhibitors 
to seed germination, 

11. Recognition of the importance of seed-borne organisms in seed 
laboratory practice, 

12. Use of seed fungicides in seed testing, 

13. Development of laboratory methods for measuring seed germin- 
ability under adverse conditions, 

14. Application of statistical methods to seed technology. 


METHODS OF SEED IDENTIFICATION 


A major objective in seed analysis from the earliest beginnings 
has been the identification of seeds. It was early recognized that 
the seeds of certain plant families possess definite characteristics as 
to both external and internal morphology, and an understanding 
of these family characteristics is of great value to the analyst. For 
example, the structure of seeds (fruits) in the Gramineae is so 
distinctive that an experienced analyst has no difficulty in recogniz- 
ing a naked fruit or one covered with glumes as belonging in that 
family. Not all plant families have such distinctive external fea- 
tures as do the seeds of Gramineae, but in many cases there are 
features that are peculiar to a family. Within families the prob- 
lem is more complicated, as between genera, species and varieties. 
The normal seeds of Festuca elatior L. and of Lolium perenne L. 
as found in commerce are strikingly similar, yet there are recogniz- 
able differences. Within genera, particularly Lolium, Poa, Agros- 
tis and Brassica, certain species are so similar that differentiation 
is difficult if not impossible by seed examination alone. There are 
frequently varieties within a species whose seeds are so strikingly 
similar that no external or internal features are adequate for 
varietal differentiation. It is often important from the standpoint 
of either the farmer or the seed merchant to determine the identity 
of a given lot of seed; hence efforts have been made to find satis- 
factory methods. The methods that have been employed are physi- 
cal, chemical, morphological and pathological. 


Physical Methods. The most common physical method recently 
developed and now employed by many seed laboratories is the use 
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of filtered, ultra-violet light as a means of distinguishing the seeds 
of Lolium perenne from those of L. multiflorum Lam. Gentner 
recorded his observations in experiments with seedlings of these 
two species when exposed to filtered, ultra-violet light. He dis- 
covered that the roots of seedlings of the latter when grown on 
filter paper produced a substance that was fluorescent in the pres- 
ence of filtered ultra-violet light, whereas the roots of seedlings of 
the former were non-fluorescent. Furthermore, the substance pro- 
duced by fluorescent seedlings was found to remain for a long time 
in the paper, even when dry. This discovery promised to have 
considerable practical importance because L. multiflorum is an 
annual and of less value economically than L. perenne which is 
perennial, and the seeds of the two species are indistinguishable 
when the lemma of L. multiflorum has been de-awned, as often 
occurs in threshing. 

Subsequent investigations have dealt with the genetic behaviour 
of the factor for fluorescence and its application to seed laboratory 
practice. Nilsson (327, 328) selfed what was believed to be pure 
line material of both species of Lolium and obtained some fluores- 
cent seedlings from L. perenne and some non-fluorescent seedlings 
from L. multiflorum. He considered the character for fluorescence 
to be recessive and stated that only the Swedish strain, Viktoria, 
contained non-fluorescent types. As a result, he concluded that 
the use of ultra-violet light to distinguish between species of Lolium 
was of little practical value. Mercer and Linehan and Linehan 
and Mercer tested Gentner’s method and also investigated the mode 
of inheritance of the factors responsible for the reaction to ultra- 
violet light. They found that (a) the capacity to fluoresce is 
heritable, (b) Lolium perenne seedlings are normally non-fluores- 
cent and L. multiflorum seedlings are normally fluorescent, (c) 
fluorescence is dominant in the F, generation of the cross between 
the two species if pure, (d) the ratio in the F, of fluorescent to 
non-fluorescent is approximately three to one, (e¢) the ratio of the 
backcross F; by pure non-fluorescent is one to one, and (f) there 
is no genetic linkage between fluorescence and the possession of 
awns on the lower flowering glumes. Corkill self-pollinated 16 
non-fluorescent and 12 fluorescent parent plants. Out of 1,459 
seedlings from the former only one was fluorescent. The progeny 
from nine of the fluorescent parent plants was 100% fluorescent, 
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and from the other three progenies both types occurred which in 
the F, generation gave approximately a three to one ratio of 
fluorescent to non-fluorescent. The flowering glumes of the non- 
fluorescent plants were awnless and the leaves conduplicate in the 
bud, while the flowering glumes of the plants 100% fluorescent 
were awned and the leaves convolute in the bud. Woodforde’s 
conclusions were the same as those of Linehan and Mercer and of 
Corkill. He considered that fluorescence is a simple Mendelian 
dominant and is inherited on a single factor basis. Trumble and 
Phipps concluded from their investigations that Wimmera ryegrass 
‘in southern Australia probably originated as a segregating hybrid 
from across between L. multiflorum and L. rigidum. The latter is 
an annual and is non-fluorescent, and the appearance of Wimmera 
ryegrass was thought to decrease the value of the ultraviolet light 
test for species of Lolium produced in southern Australia. Dorph- 
Petersen reported that occasional fluorescent seedlings of L. perenne 
were found which were less permanent than the non-fluorescent 
plants, yet he considered such plants as genuine. The opposite 
condition was found in strains of L. multiflorum, but since such 
occurrences were rarely noted he concluded that the fluorescence 
test was a practical method of closely determining the presence of 
each species in a given lot of seed. Munn (293) studied several 
species and strains of Lolium and concluded that the fluorescense 
test is entirely useful and extremely practical in evaluating such seed 
lots. Rampton studied the morphological characters of perennial 
ryegrass and of strains of domestic ryegrass. The average per- 
centage fluorescence of all strains of domestic ryegrass was 94.2 
which was taken to indicate 5% perennial ryegrass in the several 
populations as a whole. A few lots fluoresced 98% and three 
lots gave 100%. Nursery readings showed that the domestic 
strains contained less than 1% of stock resembling perennial rye- 
grass. 

It appears from these several investigations that the fluorescence 
test cannot be relied upon entirely to determine the exact percentage 
of true Lolium multiflorum and L. perenne seeds in all samples at 
the present time, but its use is of considerable value in that (a) pure 
strains of the perennial type can be detected, (b) the minimum 
percentage of the true perennial type in a lot can be detected, and 
(c) mixed strains labeled as true perennial can usually be detected 
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within 5% or 10% of accuracy. Justice (214) proposed the 

“(% fluorescence-5) x % pure seed 
% germination 

and hybrids” as a practical procedure in seed laboratories. 

An additional use of ultra-violet light in seed technology is 
employed in some European laboratories to differentiate between 
strains of yellow and white seeded oats, and Chelmar was able to 
separate white clover and hybrid clover by the use of the fluores- 
cence test. Gentner tested the reaction of seeds and seedlings of 
many other species of grasses and other plant families to filtered 
ultra-violet rays, but no results of practical value were obtained, 
although a great variation in response was noted. 


formula 





= % Italian ryegrass 


Chemical Methods. Among the chemical methods employed in 
seed identification, the picric acid test for cultivated and wild strains 
of Trifolium repens L. deserves special mention. Doak found that 
the seedlings of wild white clover may be differentiated reasonably 
well from those of the common white Dutch clover by treating the 
seedlings with picric acid. The seedlings of the wild form contain 
a glucoside that hydrolyses at 30° C. and liberates hydrocyanic 
acid gas which will react with filter paper previously treated with 
picric acid, thereby producing a brown color. Seedlings of the 
white Dutch form produce no such reaction. 

Another method that has been recently developed is the use of 
lactic acid as a means of differentiating certain species of Brassica. 
McGugan has found that there is a close correlation between the 
depths of yellow pigment in the roots and blossoms of adult plants 
and of cotyledons of certain species of Brassica. For example, the 
seeds of swede turnip (Brassica napus L. var. napobrassica L. 
Reichb.) and dwarf essex rape B. napus L. var. biennis (Schubl et. 
Mart.) Reichb. are so similar that differentiation by physical fea- 
tures is impossible. The method developed by McGugan is to 
germinate a mixture of the seeds in the dark for seven days, clip 
the cotyledons quickly from the hypocotyls and transfer the coty- 
ledons to a filter paper moistened with an excess of a 75% solu- 
tion of lactic acid. After 12 to 24 hours in the dark the cotyledons 
of the swede turnip become chrome yellow and those of the rape 
lemon yellow. 

A further adaptation of chemical methods to seed identification 
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is that of the phenol reaction with proteins in wheat. Fraser and 
Gfeller (143, 144) used a 1% solution of phenol in which mature 
seeds of wheat varieties were soaked. Among 11 varieties tested, 
six gave a light brown color reaction and the other five gave a dark 
brown reaction. By this method they were able, for example, to 
separate Marquis wheat from a mixture of Garnet and Reward. 
They also found that the color reactions of spring wheat varieties 
became intensified as the kernels increased in maturity and in dry 
matter content. These workers suggested that the method which 
they developed (a) can aid the plant breeder in establishing the 
genetic composition of hybrids, the identification of pure lines and 
classification, and (b) may be used in commerce for the verification 
of seed samples, the elimination of synonyms among commercial 
varieties and the grading of export samples. Waal used the phenol 
test on Dutch wheat varieties and reported a variation in reaction 
from colorless to coffee-brown. 

Petrova was able to determine mixtures of seeds of Russian and 
common dandelion by soaking seeds in a 5% solution of either 
KOH or NaOH and then germinating them. Seedlings of the 
Russian dandelion were normal, while those of common species 
were abnormal. 


Morphological Methods. Seed analysts have found it necessary 
to look for morphological differences in seeds of different varieties, 
species and genera from the earliest beginnings in seed testing be- 
cause identification was necessary and similarities were common. 
Such characters of the grasses as length, shape and pubescence of 
rachilla, presence or absence of awns, point of awn attachment, 
smoothness or roughness of the lemma, length of the palea in com- 
parison with the lemma, and presence or absence of teeth on the 
margins of the palea, all were recorded in minute detail and used 
as aids in seed identification. In other families shape, size and 
color of seeds, position of the hilum and micropyle and character 
of the seed coat, whether smooth, pitted, reticulated, grooved or 
ridged, were observed and noted. Some of the most painstaking 
and critical work in this field has been done by Hillman with species 
and varieties of Agrostis which are difficult to distinguish even by 
analysts with many years of experience. Special. training is a 
necessary requirement for accuracy in the identification of Agrostis 
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seeds. Hillman’s work is a worthy contribution to seed technology. 
Hillman and Henry prepared detailed drawings of the seeds of 
over 400 species and varieties of plants which have been of great 
value in seed testing laboratories. Henry (181) described dis- 
tinguishing features of certain species of Agropyron, and Musil 
(300, 302-307, 309, 310) has greatly aided seed analysts by her 
preparation of detailed and enlarged views of seeds of species, long 
considered difficult to identify, as well as of species of weed and crop 
seeds not hitherto available to seed technologists. Wright (75) 
has prepared well illustrated papers for the “Handbook of Seed 
Testing”, covering distinguishing features of seeds of Setaria, 
Panicum, Echinochloa, Pennisetum, Poa, Lolium and Festuca. 
Pepin and Wright found that the seeds of false wild oat have a 
prominent scutellum above the embryo proper, whereas in the true 
wild oat this scutellar region is not externally discernible. This 
means of identification is of value because the true wild oat 
(Avena fatua L.) is classed as a weed. False wild oats (fatuoids) 
are classed as mutations in cultivated varieties. One basis for this 
classification is that fatuoids (72, 74) are dormant or non-dormant, 
according to the variety from which they originate. Murley has 
recently made a significant contribution by providing seed keys, 
with clear illustrations, for species and genera of the families Gerani- 
aceae, Euphorbiaceae and Umbelliferae, and Martin (268) and 
Isely (201) have each provided excellent illustrations of internal 
seed morphology in many plant families which are of value not only 
to the seed taxonomist but to the seed analyst as well. Isely (202, 
203) has also provided useful seed keys for certain species of Medi- 
cago and of several genera of the Compositae commonly classed as 
thistles. Among crop plants several workers (2, 70, 133, 142, 262, 
330, 336, 415, 437, 473, 477, 500) have contributed greatly to the 
identification of varieties by the preparation of well-illustrated bul- 
letins with keys for beans, barley, grape, peas, sorghum, soybean 
and wheat. 

No uniform and constant morphological differences in the ex- 
ternal features of seeds within certain species and genera have been 
discovered, but the seedlings have exhibited distinguishing differ- 
ences. Recent work in this field has been with botanical varieties 
and species of Brassica, strains of Trifolium pratense L., agronomic 
varieties of Glycine max Merr. and horticultural varieties of Citrul- 
lus vulgaris Schrad. 
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Seeds of varieties and species of Brassica are typically spherical 
or oval, the cotyledons are folded over on the radicle in a condupli- 
cate arrangement, the size is none too variable, there is some varia- 
tion in color, and the surface of the seed coat varies from almost in- 
distinguishable to prominent pitting. On the other hand, there are 
so many botanical varieties within some species, all of which are of 
considerable economic importance, that differentiation before plant- 
ing is highly desirable. 

The first important approach to the problem of identification of 
Brassica seeds was made by Gorman and Lafferty in 1931. They 
grew seedlings of swede turnip and rape and discovered distinct 
differences in the length of the first internode and in the shape of 
the first leaf. This marked the beginning in a study of seedlings 
as a means of varietal identification. Hellbo studied the young 
plants of a number of cultivated species and subspecies of Brassica 
and found distinguishing characteristics. He was not so successful 
with varieties and strains of the same species. Roberts and Thomas 
published the results of their studies with varieties and species of 
Brassica and prepared an elaborate key for the identification of 
seeds and seedlings. The use of their key for seedling identification 
would require experience and familiarity with the many varieties 
and species. Robson investigated the seedling characters of some 
cultivated forms of Brassica. He found no constant differences 
between the seedlings of rutabaga and winter rape, nor between the 
seedlings of the bulb-forming turnips and their corresponding leafy 
turnip races. He concluded that when seedlings of winter rape 
and rutabaga are viewed in mass a fairly reliable guess can be 
made concerning them, but identification of individual seedlings is 
not possible. Musil (299) stated that “with practice, it is usually 
possible to place a seed in one of three major divisions: (a) the 
so-called “swede” group which includes B. napus L., winter rape 
and B. campestris var. napobrassica, rutabaga (closer to B. napus 
than to B. campestris); (b) the cabbage group, B. oleracea L., 
and (c) the turnip, bird rape group (B. rapa L., and B. campes- 
tris), also certain species of the oriental vegetables represented by 
B. pekinensis Skeels, petsai or chinese cabbage. . .”. She con- 
cluded that the determination of species and botanical varieties 
within the three divisions is more difficult, and that a growing test 
to observe the seedlings and older plants is desirable for more 
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positive identification. She gave descriptions and illustrations of 
the seedlings and leaves from older plants of the following: winter 
rape, rutabaga, petsai, bird rape, turnip rape, turnip, turnip (strap 
leaved), spinach mustard, cabbage, cauliflower, broccoli, brussels 
sprouts, kohlrabi, collards, kale, kale (thousand headed) and kale 
(dwarf Siberian). The chief points of differentiation, as reported 
by Musil, for seedlings of the same age are shape, size, color and 
texture of the cotyledonary leaves, and the angle formed with the 
stem by the leaves. Similar characters of the first foliage leaves 
were observed together with differences in the margins of the 
leaves. The relative length of the stems was also noted as of 
some value in the identification of plants that were the same age. 
The origin of strains of Trifolium pratense has become of con- 
siderable importance in the United States because the European 
strains have been shown to be unequal in winter hardiness to the 
American strains. Inasmuch as the seeds of strains of red clover 
are indistinguishable, although weed seed content may aid in the 
determination of origin, it is important to have other means of dif- 
ferentiation. Hollowell found that the seedlings of the European 
and American strains can be differentiated in that the stems of all 
European strains have appressed pubescence, whereas the pube- 
scence of the American strains is prominent or rough. This knowl- 
edge makes it possible to determine whether lots of unstained red 
clover seed offered for sale in the United States are native, Euro- 
pean or mixed, and is of practical value to American agriculture. 
The increased use of soybean in the United States has made it 
necessary to identify agronomic varieties before planting time. 
Among the black and yellow-seeded sorts, seeds of several varie- 
ties within each color group are so similar that no distinguishing 
marks exist. Davidson has recently shown that by growing the 
black seeded varieties Wilson, Otootan, Ebony, Laredo and Peking 
to the seedling stage it is possible to distinguish one variety from 
the other. The characters which make this possible are the angle 
which the cotyledons make with the stem, the curvature, thickness 
and venation of the cotyledons and the length and color of the 
hypocotyl. It is not always possible by observation of seedlings to 
make a positive varietal identification, but it is usually possible to 
determine whether a lot is not of the variety claimed. This nega- 
tive evidence is of practical value. Dorchester studied 28 varieties 
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of soybean and found that seedling characters, particularly meso- 
cotyl color, shape of unifoliate leaves and shape of trifoliate leaflets, 
are a necessary aid to identification. 

Recent development of wilt-resistant varieties of watermelon 
has made it desirable to know some of the characters of seedlings 
that will aid in varietal identification. Weetman has made a con- 
tribution to our knowledge by showing that in one variety the 
shape of the cotyledons is correlated with melon shape. Seedlings 
with short or nearly round cotyledons produced round melons, 
and those with oval cotyledons produced oval or long fruits. These 
characters may possibly exist in other varieties. 

Pathological Methods. The development of disease-resistant 
varieties of crop plants has resulted in frequent requests by seed 
laboratory patrons for information as to the identity of a variety 
with reference to disease resistance. Such requests have come 
frequently to the Iowa State College Seed Laboratory, particularly 
concerning varieties of watermelon and oats. The extensive breed- 
ing program at the Iowa Agricultural Experiment Station with 
watermelons for the development of varieties resistant to Fusarium 
niveum E. F, Smith has resulted in the production of seed of new 
varieties. Occasionally a purchaser wanted to be assured that he 
had obtained seed of a variety resistant to the wilt organism. Sim- 
ilarly the development by the Iowa Station in cooperation with 
the United States Department of Agriculture of numerous varie- 
ties of oats, resistant to physiologic races of Puccinia graminis Pers. 
and Puccinia coronata Corda. and to the species of Ustilago that 
attack oats, resulted in problems of field and laboratory identifica- 
tion because the seeds of certain varieties and strains are almost 
indistinguishable from susceptible varieties. 

The method used by Dr. C. S. Reddy? for differentiating varieties 
of flax resistant and susceptible to Fusarium lini Bolley was used 
with watermelons. The method consists of planting seeds of known 
susceptible and resistant varieties of watermelon together with seed 
of the variety to be tested in soil infested with Fusarium niveum. 
It is advisable to treat the seeds of all varieties with a seed protectant 
before planting because damping-off fungi are usually present in soil, 
and premature death of seedlings may occur. In addition, seedlings 
of resistant varieties are sometimes more susceptible to wilt organ- 

1 Outlined to the writer 
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isms than older plants. The percentage of wilted seedlings in the 
unknown variety is compared with the percentages in the suscep- 
tible and resistant varieties, and thus the unknown is indexed as 
to its relative resistance or susceptibility. Wilson (490) found 
that watermelon seedlings from varieties highly resistant to the 
wilt fungus in the field were often susceptible in the greenhouse 
if planted in wilt-infested soil. He showed that it was necessary 
to use soil artificially infested with the fungus so that the concen- 
tration of the inoculum could be controlled and standardized. This 
method of testing varieties of watermelons does not enable one 
always to determine a variety by name, but it is often possible to 
determine whether it is resistant or susceptible to Fusarium wilt. 
The method has possibilities in connection with the classification 
of cabbage varieties for resistance to Fusarium conglutinans Woll. 
and with tomato varieties for resistance to Fusarium lycopersici 
Sacc. 

The differentiation of oat varieties resistant or susceptible to 
the rust fungi can be accomplished by taking the seed of an unknown 
variety and growing 200 or more seedlings in separate flats. At 
the same time, seedlings of the known variety, which the unknown 
is claimed to be, can be grown in flats. Cultures of particular 
physiologic races of the rust fungi required for differentiation can 
be propagated on susceptible varieties and transferred to the seed- 
lings of the unknown and the known varieties. After incubation 
in a moist chamber it is possible to examine the types of reaction 
and classify the unknown variety as to its degree of resistance and 
as to the percentage of mixture, if any. The writer, in cooperation 
with Dr. H. C. Murphy at the Iowa Station, applied this method to 
several lots of oats with success. To properly use the method in 
a seed laboratory it is necessary to have access to pure cultures 
of physiologic races of rust fungi and to have pure seed of known 
resistant and susceptible varieties of oats. This method could be 
applied to tests with varieties of wheat and flax when it is desirable 
to know whether a variety labeled and sold as rust resistant is 
as claimed. Similarly, the Shamrock cucumber, developed by the 
Iowa Agricultural Experiment Station from hybrids, made by 
Porter (348), and combining the resistance of Chinese Long to 
mosaic virus with the slicing quality of the variety White Spine, can 
be differentiated from common mosaic susceptible varieties by inocu- 
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lating the seedlings with the virus of “white pickle mosaic”. This 
method of varietal identification is applicable to many other plant 
varieties that are resistant to viruses. There is no doubt that the 
use of pathological methods as an aid in varietal identification can 
be greatly extended, and thus the tools by which seed analysts 
more effectively serve those who produce, market and plant seeds 
will be further increased. 


UNIFORM METHOD FOR DETERMINING PURITY 
OF SMALL-SEEDED GRASSES 


The determination of seed purity has long been one of the 
major objectives in seed testing, and both the Association of 
Offical Seed Analysts and the International Seed Testing Asso- 
ciation have considered the need for uniformity of methods. To 
that end, referee testing was early adopted as a means of promoting 
uniformity. Samples carefully drawn from the same lot were sub- 
mitted to different laboratories with the request that an analysis 
be made. Comparison of results (1, 54, 358, 397) has shown ex- 
treme variation, especially with seeds of Agrostis, Poa, Daciylis, 
and Bromus, all of which are classed as chaffy grasses. Until 
recently no information has been available as to how much varia- 
tion is to be expected, even in uniform subsamples, and no persist- 
ent attempt had been made to determine the causes of extreme 
differences except to assume that inadequate training of analysts 
was the major cause. 

Extensive investigations (54, 356, 358) have given some infor- 
mation as to how much variation should be expected in well mixed 
lots of seed of Poa pratensis L., Dactylis glomerata L., Agrostis 
alba L. and Phalaris arundinacea L. when uniform subsamples 
are drawn and analyzed by a uniform method. The results have 
shown that differences as reported by official laboratories have been 
greater than are to be expected when homogeneous samples are 
tested and, further, that the primary cause for divergent results 
is inherent in the character of the material involved, in that uni- 
form mixing and bulking is difficult and the similarity and large 
number of pure and impure particles involved in a working sample 
provide a great opportunity for variations in personal judgment 
to operate. For example, one gram of pure seed P. pratensis con- 
tains from 4,800 to 5,000 seeds, and the physical limitations involved 
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in checking such a number of particles which, on the basis of ex- 
ternal appearance, are similar to the pure seed particles, are of 
some significance. The lemma and palea of each floret prevent a 
critical examination of the structure enclosed by them, yet an ex- 
amination is necessary if one is to determine absolute purity. Even 
if one could examine, under magnification, the contents enclosed 
by each lemma and palea, uniformity of classification would be 
impossible by different observers because of gradations in develop- 
ment of the florets as well as differences in personal evaluation. 

Brown and Porter (54) in 1935 were the first to publish data 
which indicated that uniform separation of bluegrass seed is pos- 
sible by the use of controlled air pressure. They employed a con- 
stant speed motor and fan to deliver air through a valve at any given 
measured opening. Later the junior author (358) showed that the 
maximum differences in percentage of heavy seed among two sets 
of 70 subsamples of bluegrass seed when blown by means of an im- 
provised unit and further analyzed in a uniform manner were within 
a range of two times the standard deviation plus or minus the mean. 
The mean percentage for one set was 80.5, and the difference in 
extremes was 7.3. For the second set the mean was 96.6, and 
the difference in extremes was 2.8. Analysis of the same data by 
means of the Chi-Square test gave probabilities of .0002 and .0031, 
respectively, which indicated that either the separation by the air 
blast was not uniform or the subsamples were not uniform. A 
third possibility was that the differences in bluegrass subsamples 
are naturally greater than the Chi-Square test indicated they should 
be. A subsequent investigation (356) employed a new, single 
unit, constant speed motor and fan; and with a new type of seed 
separator, after 64 subsamples of bluegrass seed were analyzed, 
it was found that the Chi-Square value, as determined from the 
purity percentages, gave a standard normal deviate of 1.75 which 
indicated no significant differences. The mean of the 64 percent- 
ages was 88.64, and the difference in extremes was 2.37. Uni- 
formity of the light weight material was determined by observing 
the number of normal sprouts obtained from the separate inert frac- 
tions from 32 subsamples. In several trials (356) it was demon- 
strated by germination tests that pure seed fractions from many 
subsamples of bluegrass, red top, orchard grass and reed canary 
grass seed obtained by a uniform method of analysis were remark- 
ably untform. 
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Published data obtained from purity analyses of the seed of Dac- 
tylis glomerata (359, 411) have indicated that a quicker and more 
uniform method of analysis than the official method is possible. 
The method is basically the same as that used in the analysis of 
bluegrass seed, namely, dependance on uniform air pressure for 
the separation of fertile and empty florets. A modification from 
the bluegrass method was necessary because the seed of D. 
glomerata contains many multiple florets and the upper ones are 
frequently empty. It was found that if the heavy fraction was 
divided into single and multiple florets there was a fairly constant 
ratio of empty to fertile florets in the multiple group, namely, 
one to four. In other words, 20% by weight of the multiple 
floret group in the heavy fraction could be considered as inert, 
and 80% as pure seed. Analysis of many subsamples from differ- 
ent lots by this method gave uniform results, as indicated by no 
significant differences in either the percentages of purity or the 
percentages of germination of 400 seeds from each of the pure 
seed fractions. 

In referee tests Porter (379 [1939: 43-45]) has demonstrated 
that when a set of subsamples of bluegrass, orchard grass and reed 
canary grass seed was analyzed by the uniform method of pro- 
cedure, the results were uniform, but that if the fractions of each 
subsample were recombined and each one submitted to a separate 
laboratory the differences were (a) not significant if the uniform 
method of analysis was used and (b) significant if the official 
method was used. Legatt (368) has obtained similar results. 
In 1937 he (249) used a manometer as a control device to measure 
pressure of air when samples of bluegrass seed were blown. Leg- 
gatt (250) and Porter (356) both designed air blast separators 
equipped with two devices for measuring air pressure, namely, (a) 
a manometer and (b) a dial or gate opening which regulated the 
flow of air. The latter (356) showed that, with his machine, 
pressure as measured by the manometer was a safe criterion only 
when samples of similar weight were used. If samples of unequal 
weight were used the dial reading was the most reliable criterion, 
although pressure within the separator tube appeared to be a de- 
pendable guide. Aberg et al. (1) found that either dial opening 
or pressure in the blowing tube was a reliable measure of air pres- 
sure and that highly uniform separations of heavy and light 
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weight particles of bluegrass and red top seed could be obtained by 
repeated blowings of the same samples. Porter and Legatt (368) 
presented convincing evidence of the uniformity of separation by 
controlled air pressure and demonstrated the practicability of apply- 
ing the principle to seed testing. More recently Erickson designed 
a seed blower with the same motor and fan as used by Porter but 
equipped to handle larger samples. 

The logical conclusion from the investigations of methods for 
determining purity of small-seeded grasses is that previously ac- 
cepted methods have not given the desired uniformity because of 
variation in the human factor. Controlled air pressure appears to 
offer the most hopeful method for a uniform procedure. The use 
of a uniform method enables analysts to determine whether rep- 
resentative samples have been submitted and whether lots are well 
mixed and bulked. Finally such an advance in seed technology 
should eliminate many of the difficulties of seed merchandizing. 

Closely related to the problem of uniform procedures in purity 
analyses is the question of size of sample. Data (379 [1938: 21- 
24]) obtained from referee tests conducted by the Research Com- 
mittee of the Association of Official Seed Analysts indicated that 
one-half gram samples of red top (about 5500 seeds) may be re- 
lied upon to give reasonably uniform results, and additional referee 
tests (381 [1942: 32-33]) with species of Agrostis corroborated 
the earlier data. Aberg et al. (1) showed that the use of sub- 
samples of not more than one-half gram in weight gives a reliable 
measure of the quality of red top seed and further that the varia- 
tion among one-quarter gram subsamples is normal. A sub-com- 
mittee of the Association of Official Seed Analysts obtained data 
(382) which indicated that five-gram subsamples of Bromus iner- 
mis Leyss. give a reasonably accurate measure of seed purity. The 
use of smaller samples not only reduces the time required but 
lessens the nervous strain on the part of the analyst. 


A PRACTICAL CONCEPT OF PURE SEED 


The determination of seed purity with respect to variety or 
species involves certain problems of classification, especially with 
broken, injured, shriveled and immature seeds and empty seed 
cases. The European method provides for the removal from the 
pure seed fraction of all seeds of the. kind under consideration 
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that are regarded by an analyst as non-viable . Obviously such a 
method allows for much variation in personal judgment and could 
hardly be expected to result in a high degree of uniformity. The 
method that has long been approved by the Association of Official 
Seed Analysts is that of considering, as pure seed, all crop seeds 
over half in size, regardless of their condition, whether shriveled, 
injured or immature. Until recently this rule did not apply to 
insect-injured seeds, but the Association of Official Seed Analysts 
in 1940 decided to consider insect-injured seeds as inert when not 
more than half the embryo is present. This basic method of 
classification has some merit and has proven of some value for 
most crop seeds with the exception of those kinds with many 
broken, insect-injured or diseased seeds or with small-seeded, 
chaffy grasses, and tobacco seed. Flax, rye, sorghum, soybean 
and sweet clover seed often contain a considerable portion of 
broken seeds which are difficult to classify. Seed of Kentucky blue- 
grass, orchard grass and other chaffy grasses usually contain empty 
florets which resemble those that contain seeds. Alfalfa, red clover, 
vetch and numerous other crop seeds are often insect-eaten to 
such an extent that dissection is often necessary to determine what 
percentage of the embryo is present. Seed lots of sunflower, cu- 
cumber, chicory, endive and tobacco often contain only the hulls 
or cases of the seeds, yet in external apearance they appear to be 
true seeds or fruits. All of these partially or completely empty 
structures from plants are difficult to classify, yet, according to 
present rules of the Association of Official Seed Analysts, most of 
them are considered pure seed. 

Botanically a seed is a ripened ovule, which implies a com- 
pletely developed structure capable of reproducing its kind. With 
the exceptions referred to in the preceding paragraph the method 
of determining pure seed, as employed by the Association of Official 
Seed Analysts, has been based partially on the botanical definition 
of a seed or on absolute purity. Porter (358) showed that deter- 
mination of absolute purity in bluegrass is a practical impossibility 
and that when attempted by different seed laboratories results in 
differences much greater than exist in homogeneous subsamples 
of seed. 

Commercial grass seeds contain heavy, mature seeds, empty 
florets ard various interntédiate types, such a8 badly sitrivefed or 
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immature caryopses and undeveloped ovaries. The large number 
of seeds in one gram of pure red top (11,000) and bluegrass (4,800) 
makes it a physical impossibility to classify all the seeds in such a 
unit of weight on the basis of absolute purity. An arbitrary, 
empirical and uniform basis of classification is essential. As was 
shown in the preceding section, uniform air pressure appears to 
be the most practical method of separating the empty, immature 
and shriveled florets, most of which are non-viable, from the 
heavy, pure seed. The retention in the pure seed fraction of a 
small percentage of those light weight and mostly non-viable florets 
causes a decrease in germination that is disproportionate to the 
increase in purity when such particles are included as pure seed. 
This statement will be further understood if we consider that tests 
should provide a basis for the evaluation of seed lots for planting. 
The most practical evaluation is one which gives either the number 
of pounds of viable seed per hundred or the maximum number of 
plants which might be expected under optimum conditions from 
each pound of seed. Inasmuch as farmers plant largely in terms 
of pounds per acre and all State and Federal laws adhere to the 
use of purity and germination in labeling, it would seem more 
practical at present to determine a figure that will most closely 
represent the number of pounds of viable seed per hundred, even 
though variation in the size and weight of seeds of a given kind 
exists in separate lots. 

Porter (360) first called attention to this need for a new concept 
of pure seed by stating “Laboratory tests of all seeds will more 
nearly represent the value of seed lots if the unit weight of the 
living and non-viable seeds in the pure seed fraction is approxi- 
mately the same. Percentages of purity are based on weight, 
whereas percentages of germination are based on number. The 
most practical way in which purity and germination data can be 
used together is that of determining the number of pounds per hun- 
dred of pure, live seed. This may be accomplished by dividing the 
product of the purity and germination percentages by 100. The 
retention of light weight, immature and badly shriveled seeds with 
the heavy seeds increases the difficulty of determining the number 
of pounds per hundred of pure live seed”. The uniform method 
of determining purity of small-seeded grasses, as shown by Aberg 
et al. (1), commonly gives a purity lower than may be obtained by 








240 THE BOTANICAL REVIEW 


the official method, but the germination is higher and the product 
of the two values is greater. 

Legatt (253) reached practically the same conclusion. He re- 
peatedly increased the pressure with several different lots of blue- 
grass seed and made germination tests from the heavy fraction fol- 
lowing each blowing. He showed that up to a certain point the in- 
crease in germination as it affected the product of the percentages 
of purity and germination was proportionately greater than the de- 
crease in purity. He designated this point as the “climax point” 
which is undoubtedly the point at which the unit weights of the 
living and non-viable seeds in the heavy fraction are practically 
the same. 

Robbins (389) worked with clover and alfalfa seed infested with 
chalcis fly. He found that a given air pressure removed prac- 
tically all of the insect-injured seed with the result that the per- 
centage of germination was increased more proportionately than 
the purity was decreased, and a higher index value resulted. 

Present rules for the testing of tobacco seed (430) give an erro- 
neous measure of the quality unless the seeds are cleaned prior to 
sale or test. Seeds of tobacco are exceptionally small, and many 
empty or poorly developed seeds are not visibly different from 
true seeds. Constant air pressure effects a uniform separation of 
empty and partially developed seeds from true seeds. The line of 
separation can be adjusted by regulating the air pressure. Empty 
seeds in samples of grape seeds were removed by flotations in 
water (335) which no doubt could be done equally well by air 
pressure. Such empty seeds are not true seeds. Those who have 
tested seeds of trees refer to empty seeds as a problem in species 
that normally are dormant. The separation by air pressure should 
be possible and practicable. Henning? has obtained unpublished 
data with endive and chicory seed which show that the retention 
of empty seeds in the pure seed fraction of medium to low quality 
samples gives an index value considerably below the actual value. 
The latter can be determined by the use of uniform air pressure 
to remove empty seeds before a germination test is made. 

One other aspect of the problem of determining pure seed in seed- 
testing practice is that of the disposition of diseased seeds. Red- 


2 Unpublished data obtained by Margaret Henning in the Iowa State 
College Seed Laboratory. 
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top seed often contains many structures that are partially or com- 
pletely ergotized. Uniform classification of such particles is im- 
possible by visual methods because of the gradation in infection 
and the variation in personal judgment exhibited by different 
analysts. Seeds of rye grass (Lolium spp.) are often infected 
with the blind-seed fungus Phialea temulenta Prill. Delcrr. (320). 
In some cases the caryopses are reduced to very thin light weight 
structures with only the semblance of an endosperm or embryo. In 
others the degree of infection is so variable that the line of demar- 
cation between infected and non-infected or viable and non-viable 
cannot be accurately determined by visual examination. Obviously 
the only practical method of determining pure seed in lots of dis- 
eased seeds is to make a mechanical separation based on specific 
gravity, and this can be done by the use of uniform air pressure. 
Separation, by air pressure, of samples of wheat (366) with many 
shriveled and light weight kernels infected with Gibberella sau- 
binetti (Mont.) Sacc. was made into two classes, namely, (a) 
those with a high percentage of infection and a low percentage of 
viability, and (b) those with high vitality and low infection. Flo- 
tation of cotton seed in water separated diseased and healthy seed 
to a practical degree (65). Similarly a practical separation can 
be made of partially ergotized florets of Agrostis alba from healthy 
seed by air pressure.* This method avoids the detailed attempt 
to classify infected florets by visual examination. Rather, it 
provides a pure seed fraction in which the unit weight of viable 
and non-viable particles is the same. Experiments with samples 
of Lolium perenne infected with the blind-seed fungus have indi- 
cated that the method of procedure applied to the seed of A. alba 
is equally adapted to seed of Lolium species.® 

In the Umbelliferae embryoless seeds (fruits) are of common 
occurrence (141), but the endosperm in such seed is normal. This 
condition is known to occur also in other plant families and should 
not be confused with situations where the embryo is removed by 
mechanical means or by insects and rodents. Any effort to detect 
embryoless seeds resulting from abnormal development of the 
ovule is impractical in seed-testing practice and should not be 
attempted in purity analyses. It is probable that the specific grav- 


8 Unpublished data obtained by the writer in the Iowa State College Seed 
Laboratory, Ames, Iowa. 





242 THE BOTANICAL REVIEW 


ity of such seeds is similar to that of normal ones, hence they would 
be classed as pure seed on the basis of the new concept. 

The apparent impossibility of developing uniformity in purity 
analyses with chaffy grasses, insect-injured seeds, tobacco seed, 
some vegetable seeds and samples with light weight diseased seeds 
as well as the incorrect evaluation of seed lots by present official 
methods and the remarkable uniformity that has been demonstrated 
when pure seed is largely determined by specific gravity of a par- 
ticular kind of seed, suggests that the rules for determining pure 
seed as heretofore employed need revision. The new concept of 
pure seed as herein described is supported by experimental data 
which point to the possible adoption of this concept in the practice 
of seed technology. Its mechanical aspect is the major cause of its 
high degree of uniformity. 


EVALUATION OF WEED SEEDS IN CROP SEED 


One of the early objectives in seed testing was to determine the 
presence of weed seeds. If seeds of objectionable weeds are pres- 
ent in a given seed lot the value of that lot is lowered. Whenever 
a seed law was enacted, it contained a section which listed the weed 
seeds that were considered noxious. Sale of crop seed containing 
seeds of those noxious weeds considered most objectionable was 
usually prohibited, and in the case of the less objectionable kinds, 
their presence in excess of a given amount made the sale unlawful. 
Some seed laws of the present date require that the rate of occur- 
ence of secondary noxious weed seeds be shown on the label, and 
the amount is limited only by the total weed seed allowance stipu- 
lated in the law. 

In the early development of seed testing no effort was made to 
evaluate the condition of weed seeds or fruits. Regardless of their 
stage of development, they were classed as weed seeds and so listed 
on reports of tests. For example, fruit structures of Rumex cris- 
pus L. and R. acetosella L. with only a pericarp and seed coats, but 
with no embryo or endosperm, were classed as weed seeds. Empty 
lemmas of Agropyron repens Beauv. and other weedy grasses, and 
fruit structures of Cirsium arvense Scop. with no embryo, caused 
either by failure to develop or by insect injury, were also classed as 
weed seeds. Similarly a fruit of a weedy grass from which the 
embryo had been removed by an insect or by mechanical injury 
was considered a weed seed. 
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As the menace of weeds increased in agricultural regions and 
improvements in seed cleaning machinery were affected, the re- 
quirements in seed laws relative to the presence of noxious weed 
seeds became more stringent. At the same time the difficulties of 
removing certain weed seed structures of a given size or weight 
without a severe reduction in the quantity of salable seed, led to a 
more scientific evaluation of the significance of weed seeds in crop 
seed. 

One of the early papers which dealt with the viability of weed 
seed in crop seed was by Stahler in 1935, who reported that hulled 
seed of Agropyron repens germinated from zero to 25%. He made 
no classification as to presence or absence of the embryo. The 
following year Porter and Koos published data on the relative 
germinability of normal, injured and hulled seeds of Rume-x crispus, 
Polygonum Convolvulus L., Chaetochloa Ilutescens Weigel 
(Stuntz), C. viridis L. (Scribn.), Ambrosia artemisifolia L. and 
species of Cuscuta. They reported that in all cases the injured or 
hulled seeds germinated much less than normal seeds or fruits. 
Pale colored dodder seeds, irregular in shape or enlarged abnor- 
mally, were non-viable. Wright (497) reported on tests of hulled 
seeds of Ambrosia artemisiifolia and Agropyron repens that were 
conducted in several Canadian Seed Laboratories. He considered 
that 10 hulled seeds of A. artemisiifolia had a value equal to one 
normal fruit in viability and that injured embryos of A. repens 
possessed very low vitality. Later, in 1938 (498), he made a 
report to the International Seed Testing Association in which he 
proposed that weed seeds be classed as inert matter when they are 
completely crushed or when the embryo is visibly missing. 

In 1937 the chairman of the research committee of the Associa- 
tion of Official Seed Analysts at the Annual Meeting of the Asso- 
ciation in Washington, D. C., proposed that seed or fruit structures 
of weeds known to be incapable of germination, such as embryo- 
less fruits of weedy grasses, sterile dodder seeds and empty glumes 
of weedy grasses, be classed as inert matter. After much discussion 
the Rules Committee prepared a paragraph for inclusion in the re- 
vised rules which stated that weed seeds, which by visual examina- 
tion are considered incapable of germination, should be classed as 
inert material. In that same year a sub-committee of the research 
committee was appointed to study specifically the viability of weed 
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seeds in crop seed. This sub-committee aroused much interest 
among the members of the Association, and a number of previous 
contributions were reviewed and additional ones made. The con- 
tributions which followed were published in the Proceedings of 
the Association of Official Seed Analysts (217, 384) from 1938 to 
1944. In 1946 Justice and Whitehead reported that a very low 
percentage of the fruits of Cyperus rotundus contain embryos; 
hence the majority of what appear to be fruits are inert material. 
The data that have been obtained deal with various types of injured 
and undeveloped seeds in comparison with normal seeds or fruits 
from the following plants: 


Agropyron repens 


Allium  canadense 
ie 
A. vineale L. 


Amaranthus spp. 
Ambrosia artemisii- 


Chaetochloa viridis 

Convolvulus arven- 
sis L. 

Cuscuta spp. 


Cyperus rotundus 


Polygonum avicu- 
lare L. 

P. convolvulus 

P. persicaria L. 

P. scandens L. 


Rumex crispus 





folia Digitaria sanguina-  —R. ~obtusifolius L. 
Avena fatua lis L. (Scop) R. salicifolius Man. 
Bromus tectorum Helianthus annuus  Salsola kali L. 

L. L.. Thlaspi arvense L. 
Centaurea solstitia- Holcus halepensis 

lis L. L. 

Plantago lanceolata 
L 


Plantago spp. 


As a result of this extensive study it was possible for the Special 
Committee on Standardized Tests to prepare a list (380) on 
specific weed seed structures that should be classed as inert ma- 
terial rather than as weed seeds. The recommendation made by 
this committee was approved and incorporated in the rules for 
seed testing adopted in 1944. Later the United States Depart- 
ment of Agriculture incorporated the recommendation in its rules 
for seed testing. The specific section dealing with this recommen- 
dation lists the structures from weed plants that are to be classed 
as inert material, namely, 

All badly injured, undeveloped or empty structures which resemble seeds 


but which by visual examination (including dissection or reflected light) can 
be easily demonstrated as having no embryo or having only a rudimentary 














DEVELOPMENTS IN SEED TECHNOLOGY 245 


embryo that has been destroyed by a disease organism. Included in the 
category of inert matter are; (a) seeds of grasses with over half the embryo 
removed, (b) seeds of dodder which are usually fragile, ashen gray to brown 
in color and somewhat enlarged, (c) ragweed seeds with both the involucre 
and pericarp absent, (d) shriveled, blackened seeds of buckhorn, (e) “empty 
seeds” or fruits, such as occur in the sedge, buckwheat, morningglory, and 
sunflower families, (f) empty glumes and sterile florets of grasses, (g) 
naked seeds (seed coats absent) of the species of Brassica usually considered 
as weeds and of Leguminosae, (h) bulblets of wild onion and garlic with the 
basal or stem end portion removed. (An air blast separator will often be an 
invaluable aid to the initial separation in classes b, c and f.) 

The adoption of this procedure in the classification of weed 
seeds marks a further step in advance in seed technology and has 
helped to place another phase in the practice of seed testing on a 


more scientific basis. 


MORE UNIFORM EVALUATION OF SEED GERMINATION TESTS 


Seed germination is defined in botanical text books as “sprouting 
of the seed” or “resumption of growth by a dormant embryo”. 
Neither definition suggests how far the sprouting or growth must 
proceed to be classed as germination. In early attempts to de- 
termine germinability, especially before seed scarification was 
practiced, a seed which produced a primary root, a primary stem, 
or both, after a given number of days was considered to have germi- 
nated. No special attempt was made to evaluate the young seed- 
lings in terms of their ability to produce plants. Blotters were 
most commonly used as the substrate for germination tests, and 
at the end of a given period the number of sprouted seeds between 
the folds of a moist blotter was determined. 

In the European laboratories the removal from the pure seed 
fraction of all seeds considered incapable of germination greatly 
reduced the number of abnormal growths and thus simplified the 
evaluation of the seedlings. In the Amercian laboratories the 
retention of broken, injured, shriveled and immature seed in the 
pure seed fraction from which seeds were drawn for the viability 
test resulted in many broken or otherwise abnormal seedlings whose 
value in crop production was open to question. The development 
of methods for the scarification of impermeable seeds also accounted 
for many broken sprouts among seeds of Melilotus alba Desn. and 
Melilotus officinalis Lam. As a result it became necessary to de- 
velop criteria for the evaluation of seedlings. 

Early efforts to classify sprouted seedlings on the basis of 
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estimated ability to produce plants resulted in extreme variation 
of opinion among analysts which has been a source of great dif- 
ficulty in seed merchandizing both within and between countries. 
For the past 20 years referee tests by both the Association of 
Official Seed Analysts of North America and the International 
Seed Testing Association have demonstrated that differences in 
interpretation are far beyond the realm of normal variation in 
homogeneous seed lots. Furthermore only partial agreement has 
existed among analysts as to what constitutes normal and abnormal 
seedlings. In recent years it has become increasingly evident that 
two fundamental needs existed, namely, standard media for the 
germination of different kinds of seed and a standard guide for 
classifying seedlings as normal or abnormal. 

The Association of Official Seed Analysts in its “Rules for Seed 
Testing”, approved in 1928, advocated the use of soil as a medium 
for seed germination in which to determine normal seedlings. In 
general, steam autoclaved soil or soil found to contain no pythiaci- 
ous or other “damping-off” fungi was recommended. Soil was 
recommended in preference to sand because the former was con- 
sidered a natural medium for seed germination, although autoclaved 
soil has lost many of its natural characteristics. 

The use of soil as a medium which offered resistance to the emer- 
gence of seedlings was discussd by Brown and Toole and Munn 
(294). This attempt to develop an emergence test as a measure 
of normal seedlings marks a forward step in the field of seed 
technology. The wide difference in soils and the possible chemical 
and biological changes resulting from treatment of soil in an auto- 
clave were naturally not adequately recognized in the early work 
with substrate for seed tests. Furthermore personal interpretation 
of normal and abnormal seedlings among those that emerge in 
soil has been too variable; hence the desired uniformity that was 
anticipated did not materialize. 

Within the past decade or more considerable emphasis has been 
placed on the use of sand as a seed germination medium. Deming 
and Robertson in 1933 used sand as a means of determining dor- 
mancy in the seeds of wheat, oats and barley. Leggatt (379-1935) 
in 1934 prepared a special quartz sand of a given particle size, 
washed it with dilute hydrochloric acid and studied its value in seed 
germination. He concluded that it is highly satisfactory as a sub- 
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strate. The Research Committee of the Association of Official Seed 
Analysts (379-1936) in 1936 initiated referee tests with sand in 
comparison with blotters and soil, and in 1937 a sub-committee 
was formed to give special attention to the use of sand as seed 
germination medium. Since that time many reports of the Re- 
search Committee (379-1938: 38. 1939: 46-51, 383) have included 
tests with quartz sand and different grades of local sand that were 
available to cooperating laboratories. The net result of these studies 
was the development of a standard method of procedure for testing 
seeds of various kinds of plants. Reference to this standard will be 
made subsequently. 

Dunlap used clean sand to which nutrient solutions were added 
as a medium for seed germination. He considered it superior 
to soil and found that it controlled damping-off successfully. Dun- 
lap and McDonnel used sand in pots that were set in water to 
test seed for germination. The sand absorbed enough water to 
provide moisture for gemination. Erickson and Porter compared 
the germination of soybean seed in the field with that in sand and 
soil in the laboratory. They found that in several cases field 
germination was higher than in laboratory soil but never higher 
than in laboratory sand. Porter (362) made a subsequent com- 
parsion of field germination with laboratory germination in towels, 
sand and soil using 100 lots of soybean seed. He found that the 
coefficient of variability for laboratory sand and field tests was 
0.83 for the 1936-crop seed and 0.72 for the 1937-crop seed. The 
correlation between soil in the laboratory and the field was lower 
for both classes of seed. In no case was germination in sand lower 
than in the field, whereas germination in towels and in soil was 
frequently lower than in the field. These latter results indicated 
that towels and soil give uncertain results because laboratory con- 
ditions should be more favorable than field conditions. Eliason 
and Heit reported that sand is superior to the Jacobsen germinator 
in detecting injured seed in lots of red pine seed. Davis (100) 
considered sand of value for germination of cucurbit seeds. Porter 
(358) recommended sand in petri dishes as a medium superior to 
blotters for the germination of seed of Kentucky bluegrass. The 
same method (362) was tested for seeds of orchard grass and reed 
canary grass with satisfactory results using “Flint Silica” or “Black 
Hawk No. 2” quartz sand. As a result of extensive trials in the 


248 THE BOTANICAL REVIEW 


Iowa State College Seed Laboratory the use of sand in long benches 
was adopted as the most practical and satisfactory medium for the 
testing of seeds of corn, cowpea, soybean, garden bean, pea, pump- 
kin, squash, watermelon, cantaloupe, cucumber, horse bean, barley, 
oats, wheat, rye and sorghum. Builder’s sand be can used several 
times in succession if it is heated to 80° C. for 15 to 20 hours. (362). 

Materials other than sand for germination of seeds have received 
some attention. Hope et al. recommended living or commercial 
sphagnum moss as a substrate for many vegetable seeds ; they also 
reported that they obtained good control of damping-off and that 
transplants were easily made to pots or flats. Stuart tested an 
expanded vermiculate ore sold under the name of “‘zonolite” and 
recommended it highly as a medium for seed germination. He 
reported that it drains well, holds water and air satisfactorily, can 
be sterilized for subsequent use, and that nutrient solutions can be 
added. The practical application of these two materials to seed 
testing on a large scale is yet to be determined, but they undoubt- 
edly have possibilities. It is possible that as our knowledge of the 
requirements for seed germination increases we may find it ex- 
pedient to use a completely inert material to which nutrient solu- 
tions will be added according to known requirements. 

The second major problem in the standardization of germination 
testing, namely, development of criteria for evaluating seedlings, 
has likewise received attention. It is now generally recognized 
that the primary purpose of a seed germination test is to determine 
the ability of seeds to grow and produce normal plants. It follows, 
therefore, that one must know the requirements for the germi- 
nation of each particular kind of seed and be able to evaluate each 
seedling in terms of its plant-producing power. Two pertinent 
questions may well be raised: (a) Must the requirements be such 
as will measure maximum viability? (b) What is a fair measure of 
plant-producing power? Seed technologists must not only answer 
these questions but also agree on a set of rules which all can follow. 

The great variability in the physical and chemical condition of 
soils in which a given lot of seed may be planted, as well as 
differences in temperature and moisture content, are so obvious 
that reference to them seems almost unnecessary. Yet these varia- 
tions will cause a marked difference in field germination and plant 
survival of a particular lot of seed. Many investigators have 
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compared the laboratory and field germination of seeds. In numer- 
ous tests (132, 351, 366, 433) field germination has equalled that in 
the laboratory, even when optimum conditions were provided. 
This has been particularly true with seeds of corn, wheat, oats, 
barley, peas, beans and soybeans. In other cases (364) field 
germination has been much lower than that in the laboratory but 
only when field conditions have been decidedly unfavorable. Small- 
seeded vegetables and field crops, such as onion, carrot, cabbage, 
clover, alfalfa, bluegrass and red top, may be expected never to 
germinate as well in the field as in the laboratory unless exceptional 
care in seeding and watering is taken with the field planting. 

Differences among kinds of seeds in their ability to produce 
plants in the field under varying conditions are considered by agron- 
omists and horticulturists when they recommend rates of seeding 
based on a standard percentage of germination. Seed technol- 
ogists, therefore, have to decide whether their standard for measur- 
ing viability is to be optimum conditions for germination or less, 
and if less, how much. The obvious answer is “optimum” as 
evidenced by the repeated and continuous efforts of seed investi- 
gators to find how to germinate many kinds of seeds. Optimum 
conditions produce maximum germination which has come to be 
recognized as the measure of seed viability, even though field germi- 
nation may rarely equal the laboratory maximum. 

The real problem is that of evaluating the seedlings that result 
from a laboratory germination test. First of all it has been 
necessary to define germination in terms of seed laboratory practice. 
The Association of Official Seed Analysts and the United States 
Department of Agriculture in their “Rules for Seed Testing” have 
from time to time attempted to formulate a definition. 1In1928 
the Rules stated: “Since we wish to obtain as a result of the germi- 
nation test, the percentage of seeds capable of developing into 
normal seedlings, only such seeds should be counted as germinated 
which may reasonably be expected to continue their development 
under favorable conditions”. In 1941 the writer proposed a de- 
finition to the Iowa Legislature which was incorporated in the 
Rules and Regulations of the Iowa Seed Law (399) as follows: 
“A seed shall be considered to have germinated when it has de- 
veloped those structures that are considered essential for a normal 
seedling. Broken seedlings and weak, malformed and obviously 
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abnormal seedlings shall not be considered to have germinated”. 
In 1944 (380) the Committee on Standardized Tests of the As- 
sociaton of Official Seed Analysts adopted the following definition 
of seed germinaton: “In seed laboratory practice, germination is 
defined as the emergence and development from the seed embryo of 
those essential structures which for the kind of seed in question, are 
indicative of the ability to produce a normal plant under favorable 
conditions”. This definition was approved and adopted by the 
Association of Official Seed Analysts and by the United States 
Department of Agriculture. 

The preceding definition of seed germinaton grew out of a careful 
study by several seed technologists and other workers with various 
types of seedlings produced by different kinds of seeds planted in 
several types of substrate. Workers in the United States De- 
partment of Agriculture made significant contributions by grow- 
ing seeds in sand, soil, blotters, petri dishes, towels, as well as in 
greenhouse flats and in the field. They made photographs (13) of 
normal and abnormal seedlings of a large number of kinds of plants, 
all of which were studied in detail by the Committee on Standard- 
ized Tests and compared with actual seedlings that had been grown 
by members of the Committee. As a result of this cooperative 
study is was possible for the Committee to prepare a report (380) 
which described both the essential structures of normal seedlings 
in a large list of crop plants and the standard medium in which the 
seedlings should be grown in order to classify them by the approved 
standards. Porter (362) outlined criteria for evaluating seedlings, 
described the media in which they could be grown, and illustrated 
by drawings the essential structures of normal seedlings as well 
as characteristics of many types of abnormal seedlings. 

One of the most perplexing problems was the evaluation of bald- 
head seedlings in beans described by Harter and Borthwick. 
Drake (119) made a laboratory and field study of “baldhead” 
seedlings and concluded that they should be classed as abnormal 
seedlings. A more recent report (120) of work with “baldhead”, 
“snakehead” and “half-snakehead” seedlings showed that the yield 
of such plants is decidedly inferior to that of normal plants. In- 
galls, Nutile (333) and Wester studied the yield of normal and 
“baldhead” plants of beans and were in general agreement with 
Drake as to their evaluation in field plantings. 
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The development of these standards in seed germination and in 
the interpretation of the results marks a great step in advance in the 
practice of seed technology. Further developments are basically 
dependent on advances in our knowledge of the optimum require- 
ments for the germination of many kinds of seeds. Species of wild 
plants are being added frequently to our list of economic plants, and 
as a result it becomes necessary to study the germinability of their 
seeds. In addition new information concerning the germinability 
of species long considered of economic importance has been made 
available. Subsequent chapters will deal specifically with dormant 
and impermeable seeds. In this chapter it is necessary to refer to 
only a few papers that deal with environmental conditions which 
facilitate germination. 

The effect of soaking seeds prior to germination and of alternate 
wetting and drying has received some attention. Germination of 
seeds of Dactylis glomerata (68) was considerably accelerated by 
soaking the seeds in water and drying them at any time prior to 
placing them under germinative conditions. The reason advanced 
was that treated seeds absorb water more rapidly than normal seeds, 
the paleas of which are at first impermeable. Ina study of 42 species 
of range plants from Utah (156) it was found that the behaviour of 
seeds subjected to rapid and slow drying depended upon the species, 
the rate of drying and the time when drying occurred. Drying 
hastened and increased the percentage germination of some species, 
while in others germination was delayed and decreased. Ina few 
species the effect of drying was negligible. Seeds of Buchloe 
dactyloides (Nutt.) Engelm. (484) soaked 48, 72 and 96 hours in 
water averaged 59.5% and 80% germination, respectively, on a 
water and a 0.2 percent KNO; substrate, whereas unsoaked seeds 
gave 8.6% and 33% on the same respective substrates. 

Germination requirements for seeds of several species and va- 
rieties of Festuca were found to be variable (221). Freshly har- 
vested and immature seed required a low temperature, but as the 
seed aged it germinated over a wider range of temperatures. Seeds 
of Festuca rubra germinated best at 10°C., while other species and 
varieties germinated at higher and alternating temperatures. The 
requirements for germination depended on age and storage temper- 
ature and humidity. Favorable response to light and treatment 
with KNO; at an optimum temperature was exhibited only by seed 
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of Festuca capillata. Tap water sometimes contains chemicals that 
are injurious to germination. Addition of calcium to distilled water 
(47) retarded the germination of seed of Hypericum perforatum L. 
to the same extent as did tap water. It was considered that high 
alkalinity of tap water is not a factor, provided calcium is absent. 
It was suggested that seed coat impermeability may be altered in 
the presence of calcium. It is known that chlorine in tap water is 
injurious to the germination of some seeds ; hence distilled water is 
required. 

A study of the effect of temperature on the germination of seed of 
Astrebla lappacea Domin. (314) revealed that a constant high 
temperature (33°C.) was more favorable than constant low (20° 
or 16°C.) and equal to alternating temperatures which usually are 
favorable to seeds of many grasses. No difference in the effect of 
light or darkness on seed germination was observed. Heit (173, 
174) has recently summarized data obtained from the germination 
of more than 100 flower seed species by different methods. 

The accumulation of carbon dioxide in certain types of germi- 
nators is known to be injurious to seed germination. A recent 
study of seed germination in carbon dioxide is of interest (456). 
At seven temperatures ranging from 5° to 35° C. it was found that 
from 40% to 80% CO, was necessary in the presence of 20% 
oxygen to inhibit germination of the seeds of cabbage, pepper, pea, 
radish, sunflower, tomato and wheat. Seed germination of buck- 
wheat, delphinium and onion was inhibited under the same condit- 
ions only at 10°C. Seeds of cabbage, pea, sunflower and wheat 
initiated germination at all concentrations of CO, and at all temper- 
atures except 5° and 10°C. where high concentrations inhibited all 
but cabbage seed. The inhibiting effect was greatest at low and 
least at intermediate temperatures. The need for oxygen in seed 
germination is basic with most seeds, however ; some seeds germi- 
nate in almost complete absence of oxygen. Seeds of Peltandra 
virginica (L.) Kunth. and of rice (126) germinated with little or no 
oxygen. The coleoptile of P. virginica elongated two to three times 
its original length due to elongation of the cells already formed in 
the embryo. 


ADVANCES IN OUR KNOWLEDGE OF IMPERMEABLE SEEDS 


The chief developments in this field have dealt with (a) cause of 
impermeability, (>) relation of seed maturity to impermeability, 
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(c) effect of storage conditions on impermeability, (d)treatments 
for impermeable seeds, and (e) value of impermeable seeds in crop 
production. 

The most significant contribution made within recent years re- 
garding the nature or cause of impermeability is by Hamly. He dis- 
covered that uninjured seeds of Melilotus alba, known to be perme- 
able, when soaked in a 1% solution of osmic acid develop a black- 
ened area on the side of the hilum opposite the micropyle. This 
area is known as the “strophiole”’. When such seeds were sec- 
tioned it was found that from the strophiole the darkening extended 
through a cleft in the columnar cells of the Malpighian layer to the 
embryo, following a path which would be taken by water upon its 
entrance into the seed. Impermeable seeds showed no strophiolar 
discoloration and when sectioned there was no cleft between the 
Malpighian cells. Hamly found further that suberin, the principal 
constituent of the caps of the Malpighian cells, causes a sealing of the 
seed coat in mature impermeable seeds. He also reported that the 
light line is an optical illusion and not associated with impermeability. 
These phenomena were first detected in a lot of sweet clover seed 
that had been passed through the Eddy Huller and Scarifier which 
is equipped with carborundum discs against which the seed is 
thrown. Mature seeds that were 99.5% impermeable were then 
placed in a 500 ml. Florence flask and shaken for 10 minutes at 
three oscillations per second. The permeability was increased to 
91% and the permeable seeds became blackened at the strophiole 
in osmic acid. Hamly’s explanation of his results was that by im- 
paction the seeds receive one or more blows at the strophiolar region 
sufficient to separate the Malpighian cells through which water 
could enter. A similar condition was found in seeds of Trifolium 
pratense. 

Martin (270) concluded that no true strophiole occurs in sweet 
clover and alfalfa, the palisade layer is doubled and arched near the 
micropyle, but no openings, excresences or tubercles were found 
about the hilum. In a subsequent paper Martin and Watt agreed 
with Hamly that initial water absorption by sweet clover seeds 
occurs normally through the strophiole. Hutton and Porter re- 
ported that impaction of impermeable seeds of Amorpha fructicosa 
L. and Lespedeza capitata Michx. cause fissures to appear at the 
base of the hilum depression, through which water may enter and 
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bring about germination. Shaking seeds of these two species for 
10 minutes in a glass bottle reduced the impermeable seeds to 
zero. Simpson et. al. (424) found that areas in the micropilar 
and chalazal regions of cotton seed are especially adapted as ab- 
sorptive tissues, that final entrance of water is primarily through 
the chalazal opening and the micropyle, and that variations in dif- 
ferent seed lots account for differences in the rate of germination. 
Preston and Scott studied seed development of Vicia Faba L. and 
Phaseolus multiflorus Willd. and concluded that the micropyles 
become blocked during development. Absorption of water through 
the microplye of permeable seeds was significantly higher than 
through holes bored in the seed coats. 

Little work has been done on the relation of moisture content 
of developing seeds to their impermeability. Watt found in Meli- 
lotus alba that the light line appeared within 16 days after polleni- 
zation and that the seed coat was mature in 20 days. Helgeson 
classified immature seeds of M. alba into “yellow” and “brown 
pod” groups and found that the moisture content of both groups 
was higher than that of ripe seed but that the “yellow pod” group 
had more than the “brown pod” group. Seeds of the “yellow pod” 
group germinated 100% in 10 days, while those of the “brown 
pod” group and ripe seeds contained 43% and 86.5% impermeable 
seeds, respectively. Raleigh mentioned that impermeability of the 
seed coat of Gymnocladus dioica (L.) Kock. seems to be caused 
by a general shrinking and condensation of the seed coat in drying. 
Middleton (283) showed that large and small seeds of Korean 
lespedeza contained 15.9% and 37.4% impermeable seeds, respec- 
tively. 

Tests to determine the relation of moisture content to germina- 
bility and impermeability of seeds have been made (195), using 
seeds of Strophostyles helvola (L.) Britton. Seeds with 57.87% 
moisture germinated 64% with no hard seeds, those with 43% 
moisture germinated 100%, and those with 20.18% moisture ger- 
minated 48.5% and contained 51.5% hard seeds Seeds of Con- 
volvulus arvensis L. were harvested at different stages of maturity 
(55). Seeds with 81% moisture were able to germinate at once, 
and when the moisture content was reduced to 13%, impermea- 


bility developed. 
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The effect of storage conditions on impermeable seeds is very 
marked in some species, depending on the temperature and hu- 
midity of the storage environment as well as on the length of 
storage. The percentage of impermeable seeds in sweet clover 
was reduced only slightly after 11 years of dry storage, according 
to Stevens and Long. Storage of alfalfa seed for one year under 
laboratory conditions was sufficient to bring about permeability to 
all impermeable seeds, according to Lute. Jones was able to 
reduce the amount of impermeable seeds of vetch (209) by storage 
inahumid atmosphere. Middleton (282), who studied the seeds of 
Lespedeza stipulacea Maxim., discovered that the hard seed con- 
tent declined from 47% in November to 11% the following March 
and that the percentage of germination increased from 46.7 to 84.8 
in the same period. The seeds were stored in a laboratory room at 
Raleigh, North Carolina. Helgeson made extensive studies with 
seeds of Melilotus alba. He found that immature seeds were prac- 
tically all permeable, that this condition could be prolonged for 19 
months in a moist cool room and that dry storage induced imper- 
meability. Storage out-of-doors reduced the percentage of im- 
permeability in both mature and immature seed lots. Seeds of 
Strophostyles helvola, Lespedeza virginica (L.) Britton and L. 
capitata were stored for two years in a laboratory room at Ames, 
Iowa (195). At the end of the period there was no significant 
change in the percentage of normal seedlings, but there was a 
marked increase in the percentage of dead seeds and a corresponding 
reduction in percentage of impermeable seeds except for L. virginica. 
Presumably some of the seeds that were permeable at the beginning 
of the period died, while some of the impermeable seeds became per- 
meable and retained their vitality, but for both species of Lespedeza 
the percentage of germinable seeds at the beginning and the end 
of the period was so small that most of the seeds that became per- 
meable during the storage time must have lost their vitality. 

Working with seeds of Melilotus alba and Vicia villosa Roth., 
Dunn kept samples of each for one to ten months in moist and dry 
storage at temperatures of 5° C. and-10° C. No low temperature 
storage treatment was found that would cause samples to give 
higher germination percentages than seed samples which had been 
stored dry at room temperature. Moist, dry and alternating treat- 
ments caused softening of the hard seeds of Vicia but not of Meli- 
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lotus. After six months storage only 20% of the original hard 
seeds of Vicia were still impermeable. Martin (271) reported 
that storage of seeds of M. alba at fluctuating temperatures in the 
realm of freezing for two or more months or in unheated open 
buildings during the winter provided the most favorable conditions 
for softening. No softening occurred in seeds of Lathyrus mariti- 
mus (L.) Bigel. after 11 months of storage (110). 

Seed lots of Desmodium tortuosum (S.W.) D. C. (213) contain- 
ing from 4% to 82% hard seeds lost from 0% to 26% in viability 
over a period of 18 to 19 months, depending on the quality of the 
seed. The sample with 82% hard seeds showed no loss, but after 
treatment with sulfuric acid and storage for six months there was 
a decline of 11% viability. 

Treatments of impermeable seeds within the past 20 years have 
included high pressure, low temperatures, wet or dry heat, soaking 
in sulfuric acid, scarification and impaction. Davies (97) in- 
creased the germination of hard seeds of Medicago sativa L. and 
Melilotus alba 30% by exposing them to pressures ranging from 
500 to 2,000 atmospheres for five and ten minute periods. More 
recently, Rivera et al. made an extensive study of the effect of 
pressures as high as 60,000 pounds per square inch on impermeable 
seeds of several species of plants. Little difference was noted be- 
tween treated and untreated seeds of M. sativa and M. alba with 
respect to germination, but pressures up to 30,000 pounds brought 
about germination of impermeable seeds of Cladrastis lutea (Mich- 
x.f.) Koch. Pressures of 45,000 pounds or more were injurious. 
The most favorable temperature for treatment was 25° C. Seeds 
heated to 50° C. or scarified failed to germinate. Seeds of Gym- 
nocladus dioica germinated only after exposure to a pressure of 
1,000 pounds at 50° C. A pressure of 10,000 pounds at 25° C. 
caused the highest rate and final percent germination of the seeds 
of Ditremexa occidentalis Britton and Rose. All pressure treat- 
ments were effective on seeds of Roystonea regia O. F. Cook but 
ineffective on seeds of Hamamelis virginiana L., Cornus florida L., 
Crataegus mollis (T. and G.) Scheek and Rosa spp. Long ex- 
posures to 10,000 pounds per square inch increased the formation 
of acids in seeds of C. lutea and Ricinus communis L. 

Midgley used alternate freezing and thawing with impermeable 
alfalfa seeds and found that the first freezing made the seeds per- 
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meable, but subsequent freezing was of no avail. Dry and wet 
freezing in a humid atmosphere was equally effective. Busse froze 
seeds of sweet clover and alfalfa in liquid air. A temperature of 
-80° C. made seeds of alfalfa permeable, but -190° C. was required 
for the same effect on hard sweet clover seeds. Seeds of Lespedeza 
capitata, Strophostyles helvola and Amorpha fruticosa (195) were 
frozen at -6.5° C. for 16 hours, thawed and refrozen again for 8 
hours. This treatment had no effect on the seeds of L. capitata 
and A. fruticosa but reduced the percentage of impermeable seeds 
slightly and killed most of the permeable seeds of S. helvola. Dry 
heat was applied to alfalfa seed (264) at temperatures of 60°, 80°, 
85° and 90° C. Treatments for over four hours at 85° or 90° C. 
were injurious, but shorter periods increased the germinability. 

Using wet heat by placing seeds in a water bath at temperatures 
of 65° and 85° C. for one to eight hours, Hutton and Porter im- 
mersed seeds of the same species listed in the preceding paragraph. 
Exposures up to three hours at 85° C. had no effect on permeable 
or impermeable seeds of Lespedeza capitata, but a five-hour ex- 
posure reduced the percentage of hard seeds and increased the per- 
centage of dead seeds of Strophostyles helvola. One or two hours 
at 85° C. reduced the percentage of impermeable seeds of Amorpha 
fruticosa and two hours increased the percentage of dead seeds. 
Dry treatment at 85° C. for one, two or three hours increased the 
percentage of impermeable seeds of A. fruticosa. Harding recom- 
mended immersion of seeds of Acacia pycnantha Benth. and A. 
acuminata Benth. in boiling water for five seconds as the most 
satisfactory treatment, and Wilson (491) found that a similar 
treatment for one minute was effective for seeds of Robinia pseudo- 
Acacia L., R. hispida L. and R. viscosa Vent. 

Sulfuric acid has long been employed as an agent for the treat- 
ment of impermeable seeds. Many species of seeds, hitherto aot 
investigated, have been included in recent work, primarily because 
of the importance of the Leguminosae in soil improvement and 
conservation, although members of other families have been in- 
cluded. Rogers, working with Amorpha nana Nutt., hastened 
germination by several days and increased total germination by 
soaking seeds in concentrated H,SO, for five to seven minutes. 
Seeds of Gymnocladus dioica have an exceptionally hard seed coat 
and are slow to germinate in field soil. Wiesehuegel obtained 86% 
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germination by soaking the seeds two hours in concentrated H,SQ,. 
Meginnis considered that treatment of the seed of Robinia pseudo- 
Acacia in H,SO, was superior to immersion in hot water. He 
obtained twice as many seedlings in the field from acid-treated 
seeds as from the controls, although he found it necessary to vary 
the time of soaking according to the variation among seed lots. A 
preliminary test of small samples was recommended. Peneff re- 
ported that the best treatment for this species was one and a half 
to two hours which tripled the rate of germination. Treatment of 
seeds of Albizzia acle Merr. (106) with H,SO, for 60 minutes was 
necessary to bring about germination, and the optimum immersion 
period for seeds of the Cuban fiber plants, Triumfetta semitriloba 
and Urena lobata (189), were 15 and 60 minutes, respectively. 
Immersion of seed of Strophostyles helvola for 30 minutes in con- 
centrated H.SO, was the only satisfactory method of treatment 
that was attempted (195). A seed lot with 57.6% hard seeds and 
a germination percentage of 29 gave 79% normal seedlings with 
3% hard seeds following the acid treatment. Steinbauer (435) 
tried 14 treatments on seed of the sweet potato and concluded that 
concentrated H.SO, for 20 minutes was the most reliable. 

Use of concentrated H.SO, on the seeds of Convolvulus arvensis 
L. (55) for 30 minutes was necessary to soften practically all of the 
impermeable seeds. Treatment of the seeds of Leucaena glauca 
Benth. with H,SO, increased the germination from 15% to 90%, 
according to Akamine (5), and Musil (308) obtained complete 
germination in three to six days by treating seeds of Cyamopsis 
tetragonolobus S. Taub. for 15 minutes with 75% H.SO,. No 
injury resulted from a 30 minute treatment. Treatment of seeds of 
Lathyrus maritimus was made by Dinnis and Jordon who recom- 
mended immersion for 90 minutes in concentrated H,SO,. Lem- 
mon et al. worked with L. maritimus and L. littoralis. They con- 
cluded that treatments for 20 to 30 minutes, respectively, of the 
two species in H,SQO, were sufficient and that the savings in seeding 
cost per acre were 39% for the former and 24% for the latter. 
Furthermore, treated seed stored for as long as 197 days was still 
as germinable as immediately after treatment. Justice and Marks 
reduced the impermeability of seed of Lathyrus hirsutus L. from 
70% to 0% by immersing the seed in concentrated H,SO, for one 




















DEVELOPMENTS IN SEED TECHNOLOGY 259 


hour. The optimum period of immersion varied from 30 to 60 
minutes with different samples. 

Scarification of seed by the use of abrasives has been used ex- 
tensively by many workers with varying results, although in general 
most machines cause considerable injury which results in a breaking 
of the hypocotyl from the cotyledons. Those unfamiliar with seed- 
ling structures have sometimes failed to recognize such injuries in 
their evaluation of scarification methods. Reduction of impermea- 
bility with resultant abnormal or broken sprouts is of little value 
and may provide a seed lot of less value than before treatment. 

Wiesehuegel used a file on seeds of Gymnocladus dioica and ob- 
tained 80% germination. Hutton and Porter, by rubbing seeds of 
Amorpha fruticosa lightly with sand paper, reduced the percentage 
of impermeable seeds to zero without any increase in dead seeds or 
in abnormal sprouts. When seeds of Robinia pseudo-Acacia were 
placed in a revolving drum with glass splinters and rotated for 30 
minutes at 50 to 52 r.p.m., Peneff obtained 100% germination. 
Scarification of seed of Leucaena glauca gave 90% germination, 
according to Akamine (5), and Sell found that scarification of bur 
clover (Medicago sp.) after hulling was the only satisfactory treat- 
ment. He obtained 100% germination in two weeks. A seeding 
rate of 72 pounds per acre of untreated seed produced fewer plants 
than 1.3 pounds of scarified seed. Martin (269) was able to obtain 
a much higher percentage of sweet potato seedlings from acid 
treated and scarified seed than from untreated seed of six varieties 
representing seed with nine months and four years of age, respec- 
tively. For large quantities he recommended soaking 45 to 60 
minutes in concentrated sulfuric acid. Germination of Lupinus 
seeds was induced by seed coat removal and of Baptisia by scratch- 
ing the seed coat, according to Burunjik. 

Reduction of seed impermeability in seed lots of Melilotus alba 
and Trifolium pratense by impaction, as discovered by Hamly to 
which reference has been made, has received limited attention and 
trial. Porter (352), three years after the publication of Hamly’s 
interesting discovery, published a brief report of his attempt to 
apply the principle of impaction to impermeable seeds of Robinia 
pseudo-Acacia. A small sample of seed which produced only 15% 
normal seedlings without treatment when shaken for 20 minutes 
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in a two-liter glass bottle produced 90% normal seedlings in a 
germination test. A larger quantity which was treated by revolv- 
ing a steel drum 20 minutes in such a manner that the seeds were 
thrown from end to end gave approximately 70% normal seedlings. 
Germination of the treated seed in the field was much greater than 
untreated. The Forestry Department of Iowa State College then 
used the mechanical method of impaction on more than a ton of 
black locust seed with good results in spite of the dry season at 
the time of planting. 

The effect of impaction on impermeable seeds of Strophostyles 
helvola, Lespedeza capitata, L. virginica, Amorpha fruticosa, Ro- 
binia pseudo-Acacia and Glycine max was investigated (195). 
With the exception of S. helvola, the method gave encouraging 
results. For example, a sample of seed of L. capitata with 4.25% 
germination and a hard seed content of 78% was shaken ten min- 
utes in a heavy glass bottle. After this treatment the sample con- 
tained only 1% hard seeds and gave 83.5% normal sprouts. The 
same treatment applied to seed of L. virginica, which before treat- 
ment germinated 3.5% with 75% hard seeds, gave 33% normal 
seedlings and 34% hard seeds. A sample of seed of A. fruticosa 
before treatment produced 45% normal sprouts and had 25% hard 
seeds. The ten minute impaction treatment increased the per- 
centage of normal sprouts to 67 and reduced the hard seed content 
to 0.5% Four lots of R. pseudo-Acacia seed were treated with 
varying but encouraging results. One sample contained 84.8% 
hard seeds, and a germination test produced 12.8% normal seed- 
lings. Germination in the field gave 6.5% emergence. After im- 
paction this lot produced 82.2% normal seedlings in the laboratory 
test with 12.8% hard seeds. In the field the emergence was 52%. 
Two lots of soybeans were treated. One lot, variety Cayuga, con- 
tained 74% hard seeds and germinated only 24% in sand. After 
impaction for ten minutes the sample gave 70% emergence in sand. 
Further tests were made by the writer in his classes, using seeds of 
sweet pea (Lathyrus oderatus L.), gray sugar pea (Pisum sativum 
L.), Vicia villosa and Glycine usuriensis Regel & Maack., with 
results comparable to those with R. pseudo-Acacia, soybean and L. 
capitata. The results obtained with these limited attempts to 
apply the principle of impaction warrant further and more extensive 
investigations. If properly applied, impaction causes little or no 
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injury to the seeds, since it does not involve the use of acids, other 
liquids, sand or other abrasive materials. On the other hand, it 
should not be anticipated that the principle can be applied to all 
species with impermeable seeds. 

The value of impermeable seeds, without treatment, in crop pro- 
duction has received much attention. One of the most extensive 
studies in recent years was published by Whitcomb who worked 
with seeds of alfalfa, sweet clover and red clover. He reported that 
hard seeds of alfalfa germinated 99%, sweet clover 26%, and red 
clover 39% in the field during one growing season, and further 
that hard seeds of alfalfa germinated more readily in the field than 
in the laboratory. Leggatt (246, 247) decided that impermeable 
alfalfa seeds are equal in value to permeable ones and that 50% 
of the hard seeds in sweet clover may be considered as germinable 
under Alberta conditions. Witte, after an extensive international 
investigation, reported the following percentages of hard seeds as 
being of value in producing plants in the field: red clover, 34% ; 
alsike, 20% ; white clover, 25% ; lucern, 72%. Erickson and Porter 
in tests with 119 different lots of small-seeded legumes concluded 
that impermeable seeds of alfalfa, red clover and sweet clover germ- 
inated in sufficient quantity to contribute to field stand. The largest 
increases in field stand resulting from impermeable seeds in labora- 
tory samples were 124%, 27% and 112% for alfalfa, red clover 
and sweet clover, respectively. 

In Colorado, Weihing reported that samples of alfalfa seed with 
less than 20% hard seeds germinated 61% to 64% in the field. 
Samples with 20% to 62% hard seed gave an average germination 
of 57% to 60%. Heconcluded that samples with many hard seeds 
were practically equal to those with few or no hard seeds in field 
performance. 

These studies of the field value of impermeable seeds have helped 
seedsmen in their processing and marketing of seeds and have aided 
farmers in regulating rates of seeding with small-seeded legumes. 

Impermeable seeds possess an additional value in that they re- 
tain their vitality in dry storage much longer than permeable 
seeds, and in the soil they enable many plant species to maintain 
themselves and thus provide useful plant cover as well as forage 
for livestock. Seeds of species that normally require treatment 
prior to planting should not be treated until storage because seeds 
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of most species lose their vitality much more rapidly than imper- 
meable seeds. 


ADVANCES IN OUR KNOWLEDGE OF DORMANT SEEDS 


Determination of the vitality of dormant seeds has long been a 
difficult problem because of lack of knowledge concerning the vari- 
ous causes of seed dormancy and the methods that could be em- 
ployed to uvercome the dormant condition. Within the past ten 
years or more, a large number of papers have been published that 
have supplied information of great value on these two phases. 
Chief contributors have been workers of the Boyce Thompson In- 
stitute for Plant Research at Yonkers, New York, but other individ- 
uals have also made valuable contributions. A review of the 
more pertinent ones is presented herewith. 

One of the chief recognized causes of dormancy has been the 
impervious character of fruit coverings and seed coats in many 
plant families. Impermeable seeds of the Leguminosae, Malvaceae 
and Convolvulaceae which have long been considered as possessing 
a special type of dormancy are not considered here, since they are 
discussed in the previous section. Closely related to the factor of 
impermeability is that of unripe and undeveloped embryos; in fact, 
the two factors often are found in the same plant species, which 
fact justifies their consideration together. 

Dormancy in seeds of many species of Rosaceae has been shown 
to be caused usually by a combination of impermeable structures 
and unripe embryos (83). Removal of the stony pericarp from 
peach seeds increased the rate and percentage of germination which 
normally requires three to five months at 10° C. Following such re- 
moval the embryos were able to after-ripen and germinate more 
rapidly. Removal of the seed coat of peach seeds (136) permitted 
germination in ten days. Seeds of apple (Pyrus spp.), P. arbutifolia 
Lif., P. baccata L., Amelanchier canadensis (L.) Medie. and several 
species of Rosa all require after-ripening of the embryos (83) by 
stratification at temperatures ranging from 1° to 10° C. for varying 
periods of time. Apple seeds held in dry storage for two and a 
half years required after-ripening as well as freshly harvested seeds. 
Removal of the carpels from seeds of 12 or more species of Cratae- 
gus (137) overcame the seed coat effect and hastened after-ripen- 
ing. Treatment of the seeds with H,SO, was equivalent to removal 
of the carpels. After-ripening is also required in cherry seeds (71). 
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The primary cause of dormancy in seeds of Tilia was considered 
to be the impermeability of the testa and not of the pericarp (429), 
although Barton (21) considered that in Tilia americana L. and 
several other species the embryo is partially dormant. She was 
able to shorten the period of germination by four months if the 
seeds were soaked in H,SO,. Spaeth used the same method, al- 
though he found that if the embryos were excised or the tips of 
the hypocotyls freed, then germination occurred promptly. The 
cause of dormancy (149) in seeds of seven species of Cotoneaster 
was found to be the seed coat factor and unripened embryos. Treat- 
ment with H,SO, was effective in overcoming the inhibitory seed 
coat factor in two species. Germination of the seeds of Symphori- 
carpus racemosus Michx. (135) cannot occur until the inhibiting 
effect of the seed coat is overcome and the embryo is completely 
developed and after-ripened. The seed coat can be made perme- 
able by treatment with H.SO, or by fungus invasion (343) which 
occurs ina moist medium. Normal seeds placed at 25° C. for four 
months in the absence of fungi failed to germinate after being 
. placed at 5° C. for the after-ripening process. A similar condition 
was found to exist with seeds of S. orbiculatus Moench. (140). 
Passage through the digestive tract of farm animals (291) hastened 
germination of some seeds. Seeds of Polygonum spp. and Rumex 
spp. after-ripened more rapidly if the pericarp was removed either 
by hand or with H,SO, (374). The pericarp on fruits of Poly- 
gonum scandens L. and many other species retarded the rate of 
gaseous exchange and of water absorption (211). After-ripening 
of the embryos was hastened by exposure to low temperature and a 
moist environment. Dry storage failed to bring about complete 
after-ripening of most species that were studied. Justice (212) 
considered that the after-ripening process was primarily physio- 
logical. The fruits of Oryzopsis hymenoides Ricker have an in- 
durated lemma and palea which prevented water absorption, but 
treatment of the seeds (fruits) with dilute or concentrated H,SO, 
was found to hasten germination by removing the obstacle created 
by the glumes (440). Toole (461) found that some of the embryos 
required an after-ripening period before germination could occur. 

In a study of storage conditions affecting the vitality of lettuce 
seed, Griffiths found that seeds of the variety “New York” were 
more resistant to high temperature and high humidity than seeds 
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of the variety “Grand Rapids”, a condition which he thought was 
caused by highly suberized membrane surrounding the seed embryo 
of the former variety. Seeds of Impatiens balsamina L., dormant 
when freshly harvested, required an after-ripening period at 5° C. 
in a moist medium (234). Pre-chilling was of no value if the 
seeds were stored dry for two to three months and in some cases 
caused injury. Removal of seed coats of fresh cucumber seed 
(479), avocado (128) and tung tree seed (414) hastened the 
germination of each and resulted in more uniform germination, 
indicating that the seed coats constituted an obstruction to the 
entrance of water or to an adequate exchange of gases. Treatment of 
depulped and dried seed of Juniperus virginiana L, for 20 minutes 
in sodium-lye solution gave quicker germination than occurred from 
untreated seeds (480). Afanasiev (4) gathered seeds of Nandina 
domestica Thunb. when the fruits had acquired a ripe appearance 
and found that the embryos were in a rudimentary condition in 
which the cells were not clearly differentiated. He was unable to 
overcome, by stratification, forcing agents or changes in time of 
planting, the natural tendency to germinate only during late fall 
or early winter. Seeds held in cold storage for nine or ten months 
kept well with no appreciable loss in vitality. Evidence was ob- 
tained by Johnson (204) that delayed germination in seeds of selec- 
tions of Avena fatua is determined by a condition of the seed coat 
which develops after fertilization. After-ripening was necessary 
but was found to be longer for the secondary than for the primary 
grains. Incompletely after-ripened grains, if placed under ger- 
minative conditions, developed secondary dormancy. Low, dry 
storage temperatures retarded after-ripening, but storage in a 
frozen condition hastened germination. Breaking the seed coat 
over the embryo or increasing the oxygen concentration around the 
seeds stimulated germination. Toole and Coffman (460) found 
that seeds of A. fatua exhibited considerable variation in dormancy 
and that dormancy was not associated with morphologic characters. 

As indicated in the preceding review, an understanding of the 
role of seed coats or fruit coverings in relation to seed dormancy is 
a preliminary to the determination of seed viability. In some cases 
the condition of the seed or fruit covering is known to be the pri- 
mary cause of inability to germinate promptly, but more frequently 
it appears that after-ripening of the embryo is necessary also. 
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Treatment or removal of the impervious structures only hastens 
germination, presumably by providing an earlier opportunity for 
the embryo to become affected by environmental conditions. 
Certain seeds have exhibited a type of dormancy that is related 
to the exchange of gases in the embryo. Davis (105) reported 
that the embryos of fruits of Ambrosia trifida which are dormant 
at maturity can be induced to germinate by storage in a saturated 
condition at 0° to 10° C., and that if the enveloping membrane of 
after-ripened embryos restricted gaseous exchange sufficiently at 
temperatures favorable for germination, secondary dormancy de- 
veloped. This same investigator (104) found that the embryos 
of seeds of Xanthium become dormant when gaseous exchange is 
restricted. High temperatures induced and low temperatures over- 
came dormancy. Thornton (45) found that the imbibed upper 
seeds of cocklebur could be forced into germination by confining 
the seed in an atmosphere containing 80% oxygen or in mixtures 
of oxygen and carbon dioxide. Germination of the lower seeds 
was hastened by addition of carbon dioxide. Embryos of both 
upper and lower seeds became dormant by keeping them in atmos- 
pheres lacking oxygen but composed of Nz, Hz and CO, or mix- 
tures of CO, and Nz, for four to 16 weeks at 28° to 31° C. Less 
oxygen was required for the germination of dormant seeds as the 
temperature was increased. The same author (455) worked with 
freshly harvested lettuce seed which is often dormant. Dormancy 
was overcome by placing the seeds either in darkness or light at 
35° C. with the addition of 40% to 80% of COz. At lower tem- 
peratures less CO, was required. These results are of interest be- 
cause of the earlier work of several investigators which indicated 
that low temperature, light and a moist substrate are essential to 
breaking dormancy in lettuce seed. Seeds made dormant by high 
temperature in the absence of CO, germinated after exposure to 
40% to 80% CO, and 20% O, for 96 hours. Thornton, in a 
more recent paper (457), advanced the idea that secondary dor- 
mancy and even primary dormancy may have its inception in the 
accumulation of intermediate products that are formed by partial 
anaerobic respiration. These products act as inhibitors because 
an insufficient supply of oxygen temporarily impairs the oxidation 
system which is unable to function normally in the removal of 
harmful products. Seed dormancy may be of long or short dura- 
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tion, depending upon the structure of the seed coat, and the ex- 
ternal factors which alter the amount of oxygen available to the 
embryonic tissues. Popstov, in his study of the seeds of Taraxa- 
cum megalorhizon Hand.-Mazz., found that secondary dormancy 
developed if the seeds were exposed to a high (30° C.) or low 
(0° or 1° C.) temperature, provided that germination had not 
already started. The optimum temperature for germination of 
this species was found to be 15° to 20° C., and if freshly harvested 
seeds were placed at 25° to 30° C., 95% to 98% developed a deep 
secondary dormancy. 

Dormancy in seeds of ash (Fraxinus) was studied by Steinbauer 
(436) who found that the embryos of black ash seeds must undergo 
considerable enlargement before germination can occur. The tem- 
perature most favorable to embryo enlargement was not conducive 
to seed germination, and mechanical resistance of the enveloping 
tissue and coats retarded growth of the embryo when the tempera- 
ture was unfavorable for germination. Embryo enlargement oc- 
curred at 20° C., and stratification at 5° C. enabled the fully en- 
larged embryos to absorb and accumulate reserve materials from 
the endosperm, after which germination occurred at higher tem- 
peratures. Embryos of red, green and white ash were found to 
be fully enlarged at maturity, and stratification at 5° C. brought 
about changes favorable to germination. 

Several instances of unusual types of dormancy have been re- 
ported recently. In some seeds there is a peculiar type of epicotyl 
dormancy which is characterized by emergence of the root at normal 
or room temperature, but the stem sprout will not develop until 
the partially germinated seeds are exposed to a moist low tem- 
perature. This condition has been noted in seeds of Convallaria 
majalis L. (36), Smilacina racemosa (L.) Dest. (36) and a num- 
ber of others (31), some of which exhibit both epicotyl and root 
dormancy. Seeds of four native grasses were observed to possess 
prolonged dormancy (79) which persisted for 18 months after 
harvest. Cold or room storage did not break the dormancy. 
Viability continued for several months after termination of the 
dormant period. The seeds of Benzoin aestivale (L.) Nees (407) 
required exposure to a warm temperature prior to a low tempera- 
ture in order to bring about after-ripening. Iris seeds have been 
reported not only to be dormant at maturity but to require one to 
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three years for normal germination (373). An inhibiting sub- 
stance has been found in the endosperm adjacent to the embryo 
which if removed by chipping and leaching’ in water will permit 
prompt germination. Dormancy in seeds of Scirpus spp. was 
broken by high illumination and high temperature. Stratification 
for three to six months broke the dormancy of small-seeded species 
but not of the large ones. The cause of dormancy was considered 
to be a physiological condition of the embryo (200). 

The relation of stage of seed maturity to dormancy has been 
studied by several workers. Deming and Robertson tested seeds 
of several varieties of barley, oats and wheat when they were 
mostly in the hard dough stage, by planting in moist sand. They 
found considerable variation among varieties in that some germi- 
nated at once, others in 10 to 20 days. Seeds of black winter 
emmer, bearded winter spelt and einkorn were slightly dormant. 
Seeds of two varieties of oats germinated in the shock, whereas 
Kanota wheat seed possessed a long dormant period and resisted 
sprouting in the shock. Thompson (450), in a study of seed of 
three varieties of lettuce, obtained evidence that dormancy and 
light-sensitivity is in part due to immaturity at the time of harvest. 
Immature seed gave a marked response to light exposure, but 
mature seed gave little response. He suggested that plant nu- 
trition affects the number of flowers and seeds produced by indi- 
vidual plants which in turn is correlated with dormancy. Sprague 
(431) made periodic samplings of immature seed corn and found 
that normal germination did not occur until the moisture content 
had been reduced to 25% or less. Frosted corn with a high mois- 
ture content (362) may not be injured unless the temperature is 
low, but maximum viability or injury cannot be determined until 
the seed undergoes marked reduction in moisture. A similar con- 
dition (390) was found to exist in seeds of some varieties of sor- 
ghum and in Peking soybean. In several varieties of sorghum, 
dormancy disappeared sooner in unthreshed than in threshed seed. 
Timothy seed, according to Toole (458), when freshly harvested 
was partially dormant, and after-ripening occurred more rapidly 
in cut heads than in threshed seed. Seed of Poa pratensis (40) 
was found to pass through at least two stages of partial dormancy 
after collection of the heads by hand. Before the seeds were com- 
pletely air-dry they germinated poorly, became germinable when 
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air-dry and later became partially dormant. Seed of Buffalo grass 
(301) exhibited varying degrees of dormancy but was less dormant 
in the hard dough or earlier stage than when mature. Treatment 
of mature seed burs with H,SO, hastened germination. 

Hills (184-186) investigated dormancy in seeds of subterranean 
clover and reported that, although an increase in the percentage 
of seed germination followed a rest period after harvest, the tem- 
perature at which the seed was placed for germination was also 
important, the optimum being 10° C. He found that delayed 
germination was a varietal character. 

The phenomenon of light-sensitivity in seeds of certain species 
has been observed and recorded for many years. In general, light 
has been employed as one means of breaking seed dormancy. In 
some cases its effects have been similar to those of exposure to 
low temperature or of treatment with potassium nitrate. On the 
other hand, there is some evidence that the effect of light on some 
seeds is specific and different from that of other factors. Some 
seeds germinate poorly or not at all in the dark and vice versa. 

Freshly harvested seed of Mimulus ringens L. (194) was found 
to be light-sensitive with a viability of nearly 100%. These proper- 
ties persisted for several months in dry storage, but the only way 
that germination could be brought about was to expose the seeds 
to artificial light for at least one hour at not less than 1.5 foot 
candles each day, or to full daylight for more than three days. At- 
tempts to effect germination by after-ripening the seeds at low tem- 
perature in the dark, or away from sunlight at high temperature 
by submerging in water, or by rupturing the seed coats, were un- 
successful. Axentjev studied seeds that were known to be in- 
hibited or stimulated by light. Among those that were inhibited 
he found that the integrity of the seed coat was essential in four 
species. Among the light-stimulated group the light effect was 
entirely due to the integrity of the seed coat in two species and of 
little importance in two other species. Seeds with broken seed coats 
of four species representing both groups germinated better in both 
light and dark locations. Increased oxygen pressure increased 
germination of seeds with uninjured seed coats and vice versa. 
This author concluded that seed or fruit coat structures restrict 
the intake of oxygen and that light interferes with or favors oxida- 
tion processes within the seeds, according to the species. The 
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favorable effect on germination of new-crop lettuce seed which was 
found to be in a physiologically unstable condition by Shuck (416) 
was considered to be caused by the action of light on wet seed. 
This same author (418) found that light-sensitive lettuce seeds 
became germinable when placed in a saturated atmosphere and 
exposed to daylight, a condition which continued if the seeds were 
dried in the dark or in green light. Daylight and red or blue rays 
caused reversion to dormancy. Light was required for the germi- 
nation of 19 samples of tobacco seed (226), but the amount of light 
required was conditioned by the temperature and the length of 
time the seeds were soaked. Air-dry seeds were insensitive to 
light, but the effect of light on imbibed seed was not reversed by 
subsequent drying. Exposure of imbibed seed to direct sunlight 
for 0.01 second or to green light induced an increase in germination. 
Exposure of imbibed seeds to moonlight for 15 minutes induced a 
high percentage of germination. An alternation of temperatures 
in the dark gave good germination of seeds that germinate poorly 
at a constant temperature in the dark. The effect of monochro- 
matic light on light-favored and light-inhibited seed, as determined 
by Meischke, showed that wave length and germination were not 
correlated, but each part of the spectrum had a very specific effect, 
either inhibiting or favoring germination. Antagonistic effects 
on germination were noted when red and green filters were used 
in combination. Seeds of three species of Agrostis were found by 
Leggatt (254) to be highly light-sensitive but low light-requiring. 
Germination capacity was proportional, but germination speed was 
inversely proportional to light intensity. A seasonal effect was 
noted in that germination capacity decreased but germination speed 
increased during February and March. The effect of light was 
also found to be physiologically different from that of potassium 
nitrate solution. 

Inheritance of dormancy has been studied in seeds of oat (Avena) 
and peanut (Arachis). Reciprocal crosses were made (205) be- 
tween Avena fatua, the seeds of which are dormant at maturity, 
and A. sativa, the seeds of which are germinable shortly after 
harvesting. Germinability was genetically dominart over dor- 
mancy. Freshly harvested seed (73) of the varieties of A. byzan- 
tina Koch., A. fatua and A. sterilis L. showed slow or delayed 
germination, whereas seed of varieties of A. sativa L. exhibited 
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prompt, slow and delayed germination. Seed of one variety of 
A. nuda L. germinated promptly. The possibility of using seed 
dormancy to trace the probable origin of varieties was suggested. 
With the exception of Fulghum, Victoria and A. sterilis var. ludo- 
viciana, all seeds germinated promptly after storage for seven to 
ten weeks. Seed of the variety Nortex required at least 66 days 
for dormancy to disappear, which explained the poor stands that 
often result when freshly-harvested seed of Red Rustproof strains 
is planted. Seed of some varieties and species of peanut are dor- 
mant at maturity (192) and require from a few weeks to two years 
before the rest period is over. The mean time required for emer- 
gence after planting varied from nine to 50 days for strains of 
Spanish and Valencia to 110 to 210 days among varieties of 
Arachis nambyquarae Hoehne and A. Rasteiro A. Chev. The 
mean time required for emergence of seedlings from F, seed was 
intermediate, probably slightly greater than the parental mean. 
Rest period behaviour suggested and agreed closely with the theory 
of multigenic inheritance. 

From the practical standpoint in seed laboratory practice it is 
more important to know when to expect dormancy in seed samples 
and how to germinate dormant seeds than to know the cause of 
dormancy. Several short papers that deal with different kinds 
of seeds are of interest and value because they deal with methods 
for germinating dormant seeds. Varieties of Russian winter and 
spring wheats (60) required a rest period of one to two months 
after harvest before maximum germination at 23° to 24° C. oc- 
curred. The time required for after-ripening served as an index 
for each variety. At a temperature of 13° to 14° C. seed of all 
varieties germinated immediately after harvest. Seed of Pinus 
strobus L. (229) germinated promptly at 6° to 12° C. Dormancy 
in cotton seed (421) was overcome by drying and storing the seed 
for a short period. Seeds of domestic ryegrass which were found 
to be dormant when freshly harvested (355) germinated best at 
a constant temperature of 10° C., but after dormancy was over- 
come this temperature was slightly injurious. Seeds of Poa spp. 
and of Dactylis glomerata (432) were partially dormant when 
harvested. Pre-chilling at 5° to 10° C. or exposures at 10° to 30° 
C. or 15° to 30° C. were effective in producing maximum germina- 
tion. Freshly harvested seed of Poa pratensis (8) germinated well 





DEVELOPMENTS IN SEED TECHNOLOGY 271 


at 15° to 30° C. daily temperature with light at the higher tem- 
perature and n/100 KNO, solution on the seeds. Freshly har- 
vested seed of Axonopus compressus Beauv. (9) germinated 
promptly at daily alterations of 15° to 35° C. plus light and n/50 
KNO,; solution. A temperature of 3° C. for 28 days (462) was 
required to bring about germination of the seed of Panicum ob- 
tusum, and four to eight weeks in moist storage at 5° C. (146) was 
found to be the most effective method of inducing germination of 
the seed of P. anceps Michx. Seeds of Agrostis tenuis Sibth. (two 
varieties) (10), which often exhibit a dormant condition, germi- 
nated best when sown in petri dishes on blotters moistened with 
either 0.1% or 0.2% potassium nitrate solution and placed for 
28 days at 10° C. and 30° C. daily alternating temperatures with 
fluorescent lights (100 foot candles) at the higher temperature. 
Pre-chilling the seed of belladonna (172) broke dormancy, and 
germination occurred at alternations of 20° to 30°C., 15° to 30° C. 
or 35° to 15° C. with 0.2% KNO,; solution. A bath in dilute 
uranyl nitrate (385) brought about prompt germination of the 
seed of Aesculus hippocastanum L. which normally requires a rest 
period. Germination of the seed of Russian dandelion, Taraxacum 
koksaghyz Rod. (259), was hastened by permitting imbibition of 
water, insufficient to induce germination, followed by immediate 
drying of the seed. Seed of the Vicland oat variety showed only 
40% to 60% germination one or two months after harvest (409). 
Delayed germination was overcome by February of the following 
winter. The use of 0.2% KNO; solution at 22° C. or chilling 
for four days at 4° C. gave prompt germination. Seeds of the 
oat varieties Boone and Tama (40) were found to be similar to 
Vicland, although in farm storage it appeared that dormancy might 
be overcome by November or December, then recur in February. 
Freshly harvested seed of winter barley and wheat (295) germi- 
nated as well at 15° C. as when chilled and placed at 20° C. These 
results are similar to those obtained with Russian wheats. 

A recent study of guayule seed (41) showed that the embryo 
is surrounded by an impermeable seed coat which must be punctured 
or weakened before the seed will germinate. A standard treat- 
ment which effected germination was to wash the seed in water 
for 12 to 18 hours, using three or four changes of water and then 


to soak the seed for two hours in sodium hypochlorite solution con- 
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taining 1.5% of available chlorine at the rate of four ml. per 100 
seeds. Other agents, such as hydrogen peroxide, perchloric acid 
and nitric acid, were as effective as sodium hypochlorite, suggesting 
that the action of the chemicals on the seed coat is one of oxida- 
tion which changes the seed coat structure so that germination 
may occur. 

It is evident from this review of the investigations with dormant 
seeds that the factors which determine dormancy are very com- 
plicated, some being mainly physical, others physiological or a 
combination of both, but the knowledge now available makes it 
possible for seed technologists, nurserymen, seedmen and farmers 
to handle dormant seeds with more intelligence than heretofore. 
Excision of embryos as a means of determining viability of some 
kinds of seeds has not received attention in this section but will be 
discussed in the section that deals with rapid methods for measuring 
seed viability. 


DEVELOPMENT OF METHODS THAT PROLONG SEED VIABILITY 


Retention of seed viability is of practical importance to the plant 


breeder, the seed merchant, the nurseryman and the farmer. The 
various factors that affect seed longevity have received serious con- 
sideration the past decade or more with the result that marked 
progress has been made in the development of seed storage methods 
which prolong seed viability. The most important of the factors 
are stage of maturity when harvested, viability, kind of seed (in- 
cluding genetic factors), moisture content of the seed when stored, 
air temperature and humidity in the storage room, rate of water 
absorption or loss by the seed in storage, respiration rate at dif- 
ferent temperatures, and atmosphere in which the seed is stored. 
Any one or a combination or two or more of these factors may be 
of primary importance to the longevity of a given kind of seed. 

In a study of the viability and longevity of seeds of western range 
and pasture grasses, McAlister harvested seeds of three species 
each of Agropyron and Bromus, and one each of Elymus and Stipa 
in the pre-milk, milk, dough and mature stages of development and 
stored them for 58 months. Seeds in the dough stage had viability 
similar to mature seeds in all species in laboratory tests, but seeds 
in the pre-milk and milk stages were inferior. In field emergence 
tests mature seeds were superior fo all other types. Nearly- com- 
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plete loss of viability in 58 months occurred in seeds of Elymus 
glaucus Buckley, 18% in Bromus inermis, 30 in Agropyron 
smithi Rydb, and 74% in A. trachycaulum. Other species re- 
tained vitality almost completely. Time of harvesting of seed of 
velvet bean had a marked effect on viability (216). Likewise seed 
from upright and vigorous plants possessed higher vitality than 
seed from lodged or stunted and weak plants. Fully ripe seeds of 
Ulmus montana With. (397) germinated more rapidly than im- 
mature seeds, were less susceptible to changes in the storage en- 
vironment and were superior for nursery plantings. Sound, ma- 
ture flax seed (109) maintained a vitality of 90% for ten years 
in good storage, but moist or weather-damaged seed deteriorated 
rapidly. From a study of the effect of environmental and genetic 
factors on seed viability and germination, Crescini concluded that 
self-fertilization, even among pure lines, may result in lines of 
different germinating power, whereas cross-fertilization may elimi- 
nate the lethal factors that are responsible for low germinating 
power. Healso concluded that, in general, percentage viability and 
readiness to germinate are due to independent genetic factors. 
Longevity of hemp seeds was considered to be neither hereditary 
nor correlated with its viability or readiness to germinate. 

Seed moisture, air temperature and humidity and atmospheric 
content, which constitute the storage environment, are interrelated 
so intimately in their effects on seed longevity that a separate 
discussion of each is impossible without unnecessary repetition of 
references. On the other hand, the literature deals with so many 
different kinds of seeds and sc many types of experiments that a 
brief review is difficult. It has seemed desirable to classify the 
results of the many investigations, in part at least, in terms of 
kinds of plants, namely, field crops and grasses, horticultural and 
floral plants, trees and shrubs. 

Seeds of Field Crops and Grasses. Seed longevity of corn, small 
grains, soybean, sorghum and common grasses stored in rooms 
where temperature and humidity are influenced by the surrounding 
air has been recorded by several investigators. Seeds were stored 
in paper bags in Ireland at room temperature (236). A small 
but gradual decrease in germination occurred the first few years, 
followed by rapid deterioration until all were dead. The number 
of years required for complete loss in vitality was nine for oats, 
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meadow fescue and timothy, ten for meadow foxtail, perennial 
rye-grass, orchard grass and swede, 13 for Italian ryegrass and flax, 
and 14 for white clover. In New South Wales seeds of five native 
grasses harvested in 1925 or 1926 were stored in packets at room 
temperature and tested each year until 1938 (312). Germination 
increased in seeds of four species until 1930, then declined. Some 
seeds were viable in three species until 1935 and in one until 1938. 
Viability of seed corn (121) was retained well through five years 
of storage but yielding power declined gradually after the second 
year. Seeds of corn, cereals, sorghum and soybean were stored 
in sacks in a dry unheated room for 22 years in Colorado (392) 
where air humidity is not high. Yellow dent corn germinated well 
for the first four years but decreased 13% in the fifth year. Rosen 
rye and Wisconsin black soybean decreased 10% in five years. 
Amber sorghum germinated well for six years, and seeds of barley, 
oats and wheat decreased from 7% to 14% in viability the first ten 
years. Seeds of Atlas, Kafir and other sorghums (501) stored in 
small bags showed no loss in germination from December to June, 
but loss in vitality in commercial seed lots was considered to be 
caused by too much moisture in the seed when stored. Soybean 
seed three years old stored in a laboratory in Canada (241) ger- 
minated satisfactorily, but four year old seed was inferior. The 
few plants obtained in the field from five to six year old seed were 
weak and emerged slowly. Cotton seed delinted with H.SO, (163) 
deteriorated in vitality more in one year of storage than undelinted 
seed. Satisfactory storage of seed of garden bean, corn, soybean, 
rice, alfalfa and Pennisetum ciliare Link, was obtained in Hawaii 
(6) by storage in a very dry atmosphere at room temperature, 
although best results occurred when the temperature was 8° to 10° 
C. and relative humidity was between 15% and 45%. CaCl, or 
CaO in the bottom of an air-tight container maintained a low 
humidity. 

Another factor in the storage environment is that of seed 
treatment. Cotton seed (285) treated with Ceresan and New 
Improved Ceresan and stored for one to 17 months in a laboratory 
and in a ventilated corn crib showed no significant differences in 
emergence or yield as a result of either period or type of storage, 
but treated seed gave 25% increase in emergence over untreated 


seed. Seed corn (231) with 12% moisture treated with mercurial 
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disinfectants at the rate one and a half ounces per bushel and stored 
under good conditions retained its yielding power for one year. 

Seeds of various field crops stored under a controlled environ- 
ment and tested for viability have yielded valuable data. Seed 
of several varieties of unhulled peanuts (39) gave high germina- 
tion when stored at 0° to 5° C. or at 21.1° C. in galvanized iron 
cans placed ina dry room. Vitality was retained for three to five 
years, depending on the variety. Chewing’s fescue seed (220) 
lost no vitality in 24 months with moisture contents ranging from 
8% to 14% when stored at temperatures of 2° and-10° C. There 
was a gradual decrease in the period that viability was retained 
when the storage temperature was changed from 10° to 30° C. 
and the moisture content of the seed ranged from 10% to 14%, 
except that seed with 10% moisture lost no vitality in 15 to 24 
months at a temperature of 20° C. Cotton seed (422) with a 
moisture content below 8% and stored in tin containers that pre- 
vented reabsorption of moisture retained its vitality well for seven 
years. Seed with 14% moisture stored at 32.2° C. lost its vitality 
in four months. Cotton seed stored in bags under natural humid 
conditions in Charleston, South Carolina, deteriorated rapidly in 
two years. In Trinidad (344) optimum conditions for storage of 
cotton seed were found to be a relative humidity of 30% and tem- 
peratures between 24° and 26° C. Intensive drying reduced the 
germinative power, but conditioning of such seed at a relative 
humidity of 50% for six months increased the percentage of ger- 
mination over unconditioned seeds which indicated that rapid ab- 
sorption of moisture by very dry seeds is injurious. Seed corn 
(231) stored five months with 15% and 17% moisture produced a 
lower yield than seed with 12% moisture. Cigar wrapper tobacco 
seed harvested in Florida (227) was placed in ordinary containers, 
in sealed containers over CaCl, and in rubber-stopped vials and 
stored in a basement, an attic, a laboratory and in a refrigerator 
at 5° C. All seed stored over CaCl, and in various ways in the 
refrigerator retained vitality well for 11 years. Seed with 
only 5.3% moisture in rubber-stopped vials showed a small per- 
centage of viability after eight years of storage. 

Seeds of Horticultural and Floral Plants. A considerable body 
of knowledge relative to the storage of vegetable and floral crop 
seeds has been published since 1933. Most of the investigators 
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have used controlled environment and seed samples with known 
percentages of moisture in their experiments. 

Onion seed, which is highly sensitive to storage conditions, has 
received more attention than any other kind, although lettuce, 
carrot, pepper, eggplant, tomato and several others have been 
studied. Seeds of lettuce, onion, carrot and pepper (23) were 
injured in sealed storage at room temperature unless one-third to 
one-half of the moisture was removed prior to sealing, but at —5° 
C. drying was not necessary. Sealed storage of undried seed was 
superior to open storage. Seeds of eggplant and tomato kept well 
for three years in either sealed or open storage at room tempera- 
ture. Onion seed with 6% to 8% moisture (38), stored in sealed 
containers, showed no significant loss in vitality after nine years, 
and even at 30° C. seed with 6% moisture kept well. A combina- 
tion of high moisture and high temperature was the most severe 
treatment. Storage at 5° C. in sealed containers with only 6% 
moisture was recommended as safest. At relative humidity of 50% 
or less (24), pepper and other vegetable seeds with high germinating 
power kept well for three months at 35° C., but at 20° C. or lower 
the vitality was preserved for a much longer time. Adjustment of 
moisture content to between 6% and 8% in seeds of onion, lettuce 
and cauliflower, sealing in air tight containers and storage at low 
temperature maintained vitality for more than four years. Deter- 
mination of moisture content in seeds of ten vegetables stored at 
26.7° C. and in a relative humidity of 75% to 85% (48) was 
found to be an unsafe criterion for measuring changes in seed 
moisture because of loss in dry matter and accumulation of water 
respiration. The moisture content that will develop at temperature 
and humidity ranges of 10° to 26.7° C. and 45% to 85% relative 
humidity was found to follow a linear regression. Wide differences 
were found among the kinds of seed. Seeds of onion, spinach, 
sweet corn and peanut, stored at 80% humidity and 26.7° C. 
deteriorated below good commercial grade in 10 to 20 days. Seeds 
of beet were injured in 110 days under the same conditions. A 
humidity between 45% and 50% was found to be a safe level 
for most kinds of seed. At low temperatures seeds developed 
dangerously high moisture content in moist storage and were 
quickly injured if removed to a higher temperature unless they were 
dried. Onion seed stored in cloth bags or in an unheated room 
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in Texas (51) with a temperature range of 5° to 35° C. germinated 
only 71% after 20 months, whereas the same seed in cold storage 
was equally viable after 44 months. Seed in sealed jars under 
vacuum at low temperature produced better plants than any other 
seed. In Australia (313) onion seed maintained high vitality 
only one year under natural conditions but germinated well after 
two years at 5° to 10° C. A relative humidity of 76% was found 
to be critical (29) for the storage of onion and dandelion seed, in 
that the length of time these seeds were kept at said humidity was 
found to be directly related to the deterioration rate, regardless of 
the storage conditions before and after the initial exposures. 

Griffiths made a critical study of longevity of lettuce seed and 
found that the most critical factor is moisture content of the seed. 
His experiments revealed that an increase in moisture from 5% 
to 10% caused a greater decline in viability than an increase in 
storage temperature from 20° to 40° C. Within limits the moisture 
content of the seed varied with the atmospheric humidity, yet at a 
temperature of 40° C. it was possible to increase the humidity to 
50% for 32 weeks of storage without impairing vitality. The 
critical moisture content of the lettuce seeds used in the experiments 
was between 3% and 5%. To maintain viability of lettuce seed for 
three years in sealed containers, it was necessary to dry the seed 
to one-half the ordinary air-dry water content. 

Barton (20, 26) investigated the effect of storage on the longevity 
of seeds of Taraxacum, Callistephus, Verbena, Lathyrus, Viola, 
Venidum, Lilium and Delphinium. She found that at room tem- 
perature or at 5° C., sealed storage was superior to open storage 
regardless of moisture content. If the containers were opened be- 
fore the end of the storage period the vitality declined more rapidly 
than otherwise unless the initial moisture content was reduced from 
5% to 3.9% in dandelion seed. In a later study (35) this same 
investigator with Garman found that plants from nine-year-old 
aster seeds flowered earlier than plants from fresh seed, and lettuce 
plants grown from 13-year old seed produced heavier heads than 
plants from fresh seed. Tomato seed with low-vitality after 13 
years of common storage produced inferior plants, but similar seed 
stored at —5° C. produced plants that were equal in every respect 
to those from fresh seeds. They concluded that storage condition 
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rather than age of seed determined the vigor of the plants that were 
produced. 

Seeds of Trees and Shrubs. Longevity of tree seeds is of special 
interest to nurserymen and farmers as well as to seed technologists 
who are requested to test or to supply inforn.ation about them. 
Baldwin’s recent book (18) is of interest and value in connection 
with seed storage. Most of the recent contributions have dealt 
with seeds of coniferous trees, but a few have been concerned with 
deciduous types including fruit trees and shrubs. 

Seeds of Pyrus spp. (Patten, Greening and Wealthy) and P. 
baccata hybrid which had been in storage for two and one-half 
years (83) produced a perfect stand of vigorous seedlings after 
proper after-ripening, and seeds of several species of Rosa lost 
relatively little in germinability after two to four years in dry stor- 
age. Seeds of mulberry (444) stored over H,SO, or CaCl, main- 
tained a moisture percentage of 4.1 to 4.2 and gave 90% germina- 
tion after seven years. Seeds in ordinary storage with 7% to 10% 
moisture retained high germinability for only four months. Seeds 
of Populus spp. in Alberta, Canada, live under natural conditions 
only two to four weeks. Seeds of P. tremuloides Michx. (289) 
stored in open dishes germinated 100% at the end of four weeks, 
but only 45% after eight weeks. As the relative humidity of the 
storage atmosphere increased beyond the optimum of 10% a marked 
reduction in germinability occurred. Seeds of the Russian poplar 
(P. Petrowskyana) Schrod. when kept over CaCl, at -5° C. 
germinated 70% after two years. Seeds of elm (25) were injured 
if stored in an atmosphere of oxygen when the moisture content 
and storage temperature were high. Vitality was retained for 16 
months by sealed storage at 5° C. with a moisture content of 7% 
in the seeds. Seeds of Fraxinus pennsylvanica Marsh. and F. 
excelsior L. (33) with moisture contents of 7% and 10%, respec- 
tively, were germinable after seven years in sealed storage at 5° 
C. 

Several investigators have published results of tests with seeds 
of coniferous trees which included species of Abies, Larix, Picea, 
Pinus and Tsuga. Seeds of Abies nobilis Lindley retained its 
germinability for five years when held at -10° C. (199), and larch 
and spruce seeds stored for three and five years, respectively, in 
the cones in a dry, cool, well ventilated place retained their vitality 
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well (474). Seed of sugar pine (286) declined from 89% to 28% 
in vitality after storage for six years at 40° C. In general, the 
data on storage and longevity of coniferous seeds (22, 175, 322, 
394) have shown that sealed or unsealed storage of seeds with low 
moisture content (5% to 8%) at temperatures from —5° to 5° C. 
is the most effective environment for the maintenance of viability. 
Longevity varied from four to ten years, depending upon the 
species. 

Much of the data on seed storage has indicated that a moisture 
content considerably below that of the air-dry condition together 
with a low storage temperature is essential to seed longevity. For 
many species sealed storage is also required. In contrast, there are 
a few species that require moist storage. For example, coffee seeds 
were found to keep best for planting during the rainy season in 
the Dutch East Indies (470) by drying to a moisture content of 
40% and storing them in jute bags with a layer of moistened char- 
coal surrounding the bags. Remoistening of the charcoal every 
month was necessary. In this condition the viability was 94% and 
78% after six and nine months, respectively. Seeds of grapefruit 
and sweet orange (3) remained viable longest in open storage in 
a humid atmosphere at 5° C. where the moisture content of the 
seeds was reduced to only 17%. The seeds of Montezuma specio- 
sissima. Moc. & Sess. (32), which declined significantly in vitality 
within two weeks at ordinary storage, remained viable for four 
weeks at 5° C. when the moisture content was 33% of the wet 
weight. Drying the seeds to 10% moisture reduced the germina- 
bility by one-half. 

Reabsorption of moisture by seeds in storage has been found to 
vary greatly with the species. Boswell et al. found that among 
several species of vegetable seeds, peanut seed had the lowest 
moisture content at a given humidity and changed the least with 
change of humidity, whereas kidney bean seed attained the highest 
moisture content at high humidity and changed the most with 
increase of humidity. Cabbage and tomato seed underwent changes 
only slightly greater than peanut seed. On the other hand, the 
deterioration of different kinds of seed kept at high humidity and 
high temperature was not always in proportion to their relative 
moisture-absorbing capacity. Barton (28) reached similar con- 
clusions. She found that in the order of increasing water-absorp- 
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tion capacity the seeds were peanut, lettuce, flax, pine, tomato and 
onion, and that this order persisted regardless of atmospheric hu- 
midity or storage temperature. Less water was absorbed at the 
higher than at the lower temperatures at the same relative humidi- 
ties, and although there was no direct relation between amount of 
water absorbed and germinability, seeds with high initial vitality 
were less affected by changes in storage environment than those 
with low initial vitality. Moutia reported that seed corn with an 
initial moisture content of 9% absorbed more water at 70% to 90% 
relative humidity than at a lower level, whereas seed declined from 
an initial moisture percentage of 13.3 to 10 and increased to 15 
when submitted to relative humidities of 60% to 70% and 90% 
respectively. Humphries and Hurst stored seeds and hay under 
controlled temperatures and humidities and concluded that relative 
humidity governs moisture content more than temperature and that 
particles freely exposed to the air respond rapidly to sudden changes 
in relative humidity, whereas those in columns in containers do so 
slowly. 

The effect of gas content in the storage environment on seed 
longevity is of interest and importance. Seeds of Glycine soja 
Sieb. and Zucc. (161) kept in an atmosphere deprived only of 
oxygen responded similarly to storage in a vacuum in that longevity 
was extended. Rice seeds (233) stored in zinc vessels containing 
only CO, or air were germinable after four years (97% to 99%), 
and those stored in straw in similar containers were non-germinable. 
Seed corn (404) with 11% moisture stored at 30° C. in sealed 
glass tubes containing oxygen died in three years, but seeds with 
11% to 18% moisture in tubes containing O,, CO., Ne or air 
and stored at low temperatures germinated well after five years. 

The relation of respiratory activity to seed longevity has long 
been recognized. Geddes found that the respiratory activity of 
the germ of cereal grains is several times that of the endosperm, 
that moisture content of stored grain is a major factor affecting 
the respiration intensity and that accumulation of CO, depresses 
respiration. He also found that at equivalent moistures the res- 
piratory rate of oil seeds (soybean, flax) is much greater than that 
of cereal grains. Barton (34) studied the respiratory quotient of 
Amaranthus retroflexus L. seeds in moist storage at a temperature 
of 20° C. which prevented germination. The gaseous exchange 
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measured for 901 days showed a ten-fold reduction in respiration, 
and the respiratory quotient was always less than one. 

The extensive review of the literature on seed longevity by 
Crocker in 1938 included data on the germination of seed kept in 
plant herbaria as well as of buried seeds. Since that time a report 
has been made (12) of the germination of seeds of Albizzia juli- 
brissin Durazz. after storage for about 147 years in the British 
Museum. Turner reported that seeds of Anthyllis vulneraria L. 
and Trifolium striatum L. were viable after 90 years and those of 
Lotus uliginosus Schurch. and Cytisus scoparius L. after 81 years. 
An earlier paper (406) published in 1936 gives data on the longev- 
ity of seeds of the Norwegian herbarium at Oslo. The seeds were 
collected between the years 1820 and 1898, and thus varied in 
age from 34 to 112 years. A total of 1,254 different batches of 
seeds with few duplications was available for test. Representa- 
tives of the Leguminosae, Malvaceae and Convolvulaceae families 
showed the most longevity. Seeds of Astragalus utriger Pall. 82 
years old germinated 6%, those of Sphaeralcea abutiloides G. Don. 
74 years old germinated 43% and those of Convolvulus flavus 
Willd. 64 years old germinated 15%. Plants grown from seeds of 
ten species of old seeds produced normal plants with few exceptions. 
Seeds of Convolvulus arvensis (55) from a Belgian herbarium 
germinated 62% at 50 years of age. 

Recent reports of tests with buried seeds include both crop and 
weed seeds and are of special significance in connection with weed 
control programs. Tests of 60-year old seeds from the Dr. Beal’s 
buried seed experiment (95) revealed that the seeds of four species 
were still viable, namely, Oenothera biennis L., Verbascum Blattaria 
L., Rumex crispus and Silene noctiflora L. A rapid decline oc- 
curred (55) after burial for three years at six to 18 inches among 
seeds of Lepidium draba L., L. repens Boiss., Hymenophysa pubes- 
cens C. A. Meyer, Centaurea calcitrapa L. and Solanum elaeagni- 
folium Cav., but seeds of Convolvulus arvensis, Euphorbia Esula L. 
and Centaurea repens L. lost little viability at either depth. Seeds 
of Solanum carolinense L. maintained their vitality well after three 
years at a depth of six inches in the soil. Seeds of buffalo grass 
(261) found in the walls of a sod house that had been built about 
25 years gave 28% germination. At the end of 39 or 40 years 
the buried seed experiment initiated by J. W. T. Duvel (459) was 
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terminated, and seeds of 16 species, representing ten plant families 
were still viable, namely, Abutilon theophrasti Medic., Ambrosia 
artemisiifolia L., Convolvulus sepium L., Datura stramonium L., 
Ipomoea lacunosa L., Lespedeza intermedia Nakai, Nicotiana taba- 
cum L., Oenothera biennis L., Onopordum acanthium L., Phyto- 
lacca americana L., Potentilla norvegica L., Robinia pseudo-Acacia, 
Rudbeckia hirta L., Solanum nigrum L., Trifolium pratense and 
V erbascum thapsus L. 
(Concluded in next issue) 
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pinion, and patented 
lever fine adjustment. 


Most important, you 
see better .. . see 
images with clarity 
and sharpness un- 

matched by other stand- 

ard laboratory microscopes. 
Before you buy a new laboratory 
microscope be sure to see the 

Bausch & Lomb BAV. 


WRITE for a demonstration to 
Bausch & Lomb Optical Co.,708- D 
St. Paul St., Rochester 2, N. Y. 















































































the Bausch & Lomb BAV Laboratory Microscope | 





























Simelg McGRAW-HILL Fooks 


FIELD MANUAL OF PLANT ECOLOGY 


By Frank C. Gates, Kansas State College and University of Michigan Bio- 
logical Station. McGraw-Hill Publications in the Botanical Sciences. 
142 pages, $3.00 


This manual gives directions for exercises and experiments which will enable the 
student to begin a study of plant ecology in the field, to amass data which can be 
used to describe various types of vegetation and also to study individual plants in 
relation to their environment. 


FIELDBOOK OF NATURAL HISTORY 


By E. LAURENCE PALMER, Cornell University. 682 pages, textbook edition, 
$5.00 


Here, in one convenient volume, is an extraordinarily comprehensive guide to natu- 
ral history. The book includes birds, fish, plants, rocks and minerals, the stars, 
mollusks, and mammals—more than 2,000 items and hundreds of pictures arranged 
and tabulated Zor easy reference. 


FOREST PATHOLOGY. New 2nd edition 


By Joun 8S. Boyce, Department of Forestry, Yale University. 526 pages, $6.00 


This successful bock has been thoroughly revised. Much of it has been entirely re- 
written to include a wealth of information on such topics as salt spray injury, 
Phymatotrichum root rot, phloem necrosis of elm, Adelopus needle cast of Douglas 
fir, septoria canker of poplars, canker stain of planetree, oak wilt, mimosa wilt, 
persimmon wilt, and several other rots. New material has been included on the 
prevention and control of the deterioration of wood in service. 


AN INTRODUCTION TO BOTANY. Second edition 


By ARTHUR W. Haupt, University of California at Los Angeles. McGraw- 
Hill Publications in the Botanical Sciences. 425 pages, $3.75 


ow 
Covers the fundamental facts and principles involved in the structure, functions, 
life relations, and evolution of plants. The book does not attempt to present an 


exhaustive treatment of the subject, but to furnish a foundation upon which more 
advanced studies may be based. 


i Send for copies on approval 





McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42nn STREET, NEW YORK 18, N. Y. 
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Articles received and awaiting publication 


Breeding for Resistance to Fusarium and Verti- 
cillium Wilts 


The Reactions of Bacterial Viruses with Their 
DNS SED Skee c ce sensetouaséesevededmes eeneee eine 


Theoretical Aspects of Graftage ......... omeseces e 


The Chemotherapy of Plant Diseases ............. 


The Development of Root Hairs in Angiosperms . 


Natural Hybridization with Particular Reference 
to Introgression 


The Heterochromatin Problem in Cytogenetics as 
Related to Other Branches of Investigation .... 


The Role of Toxic Substances in the Interactions 
of Higher Plants 


Isotopes as Tracers in Plants . 


a and Structure of the Phloem Tissue. 
II. 


Techniques for the Isolation of Single Micro- 
organisms. II. 


The Nature of the Fungicidal Action of Copper and 
Sulfur . 


Hydroponics 


Fungicides for Forest and Shade Trees and Forest 
Products 


Life-Forms and Phytoclimate .......... vescheeee oe 
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